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A SELECTIVE INDICATOR MEDIUM FOR ISOLATING 
STREPTOMYCES SCABIES FROM POTATO TUBERS OR SOIL! 


J. D. Menzies and Caroline FE. Dade? 


SUMMARY 


y 4 sodium case- 


tyrosine is recom- 


{n agar medium containing 2.5 
inate, 1% NaNO, and 0.1% 

mended for isolating Streptomyces from 
potato scab lesions or from soil. This medium in- 
hibits spreading bacteria and favors the production 
of a dark brown pigment closely encircling colonies 


r 


sca bies 


of the pathogen. Almost all pathogenic isolates of 
S. scabies produce pigment, but most nonpathogenic 
actinomycetes do not. This reaction aids in the 
selection of the probable pathogen from dilution 
plates containing other morphologically similar 
actinomycetes, 





Streptomyces scabies, (Thaxt.) Waksman & Henrici, 
is 


of 


scab in very 


the 


the actinomycete causing potatoes, 


dificult to distinguish in culture from many 


saprophytic actinomycetes abundant in soil and on 


lesions, 


this 
or especially 
the 
purpose 


from 
it 


tubers. isolating organism superficial 


is therefore 


soil. 
by 


reducing the 


scab from 


necessary to verify pathogen pathogenicity 
tests. For the ot 


isolates requiring verification, a tyrosine-casein-nitrate 


number of 


medium was developed that selects probable S. scabies 
isolates on the basis of their ability to produce a brown 
to black melanin-type pigment. 

Taylor Decker (8) that 
strains of S. scabies produced a “brown ring” 


in skim-milk tubes. 


and found pathogenic 
reaction 
Others later verified this correla- 
tion 9). and showed that the melanin-like pigment 
depends on the presence of tyrosine in the substrate 


(1, 4.6.9). 
saprophytic 


It is generally agreed that. although some 
actinomycetes also produce this pigment, 
a fail to do The 
probable pathogen can therefore be selected prelim- 
taking 


colonies from dilution ‘plates. 


few verified isolates of scabies so. 


inarily by pigment-producing actinomycete 


If a surface-sterilization 
used 


and trituration method such as Taylor's (7) is 


the contamination by 
that 


are the pathogen. 


in isolating from scab lesions. 


is low brown-pigment 
Isolations 


much more difficult because of the high 


other actinomycetes 


tvpes almost certainly 
from soil are 
Preliminary in- 
10-30 of 
In practice 
ot 


saprophytic types by combining microscopic examina- 


saprophytic actinomycete population. 
that 
these types in soil are pigment producers. 


vestigation showed, however. only 


it is therefore possible to eliminate almost 90% 


tion and tests for pigment reaction. 
To isolate the scab organism from the more numer- 
ous saprophytic actinomycetes and bacteria on tubers, 
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or in soil, a medium was sought that would combine 
the intense pigment production of Hollis’ (4) medium 
with the bacterial suppression of low nutrient media 
such that of KenKnight and Muncie The 
formula finally selected was: 


as foi. 
(TCN) 
25 
10 
1.0 
In g¢ 
1000 ml 
First dissolve sodium caseinate with gentle 


T yrosine-casein-nitrate medium 


Sodium caseinate g 
Sodium nitrate 
L-tvyrosine 

Agar (Bacto) 


Tap water 


‘ 
- 


uo 


heating in 500 ml tap water, add other in- 
make to 1 liter. 
10 lb pressure. For plating, 
medium to 50°. pH 


gredients, and Sterilize 


20 


up 

minutes at 

melted rapidly 
about 6.8. 

Other 


pow der - 


skim-milk 


peptones, were equal to 


protein amendments, such 


as 


yeast extract. of! 
sodium caseinate in stimulating pigment production, 
but 


bacteria, especially proteolytic types that cleared the 


they tended to encourage growth of spreading 


medium. Sodium caseinate produced a fine opaque 
medium in which the pigment from S. scabies stood 
Hollis (4) noted that diffusion of the 
colonies differed markedly with the 
This effect, 


our tests, seemed to be related to the relative absorp- 


out in contrast. 
pigment from 


protein supplement used. confirmed in 
tion of pigment on protein particles. Sodium caseinate 
proved outstanding in absorbing the pigment close to 
the producing colony. With other protein materials, 
diffusion was sometimes so widespread that the col- 
onies producing the pigment could not be recognized. 
added N 
satisfactory for actinomycete growth but did not favor 
It that of the 


by by scabies, was 


Sodium nitrate. used as an source, was 


clearing 
»S. 


bacteria. was also found 


medium bacteria. and even 


reduced by increasing the NO.~ level. This proteolysis 
without reducing actino- 
1.0° NaNOs,. No supple- 
mental carbon source. such as sugar, was needed. The 
If 
distilled water is used, an inorganic salt combination 
Hollis (4) can be added. 

In soil dilution plates, slightly higher counts of both 


this 


was completely prevented 


mycete counts by using 


tap water used supplied enough inorganic salts. 
such as used by 


bacteria and actinomycetes were obtained with 


was issued July 15, 1959 
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200 PF bneri 728.8" 6.6 730) 
— ee 1000 P. scribner 563.4 0.7 58.1 
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VI ) ere 
{ , » int at 0.1] leve 
eat i 
j ( OOO ived the washings and in the uninfested series, 
, - e wate Other fungi recovered were Fusarium moniliforme, a 
j e removed by washing ‘yrenechaeta sp., a Trichoderma sp., and a Cylindro. 
yc () nots rpoeoen ~T) 
I 
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lesion nematodes in the soil appears to he reduced 
when the roots and bulbs are in an advanced necrotic 
The grow f plants DeEPARTMENT OF PLANT NEMATOLOGY 
ig was UNiversiry oF CALIFORNIA Cirrus EXPERIMENT 
re r the te STATION 
u sl R SIDE, CALIFOR? 
won | LITERATURE CITED 
roti bE Man, J. CG. 1895. Description of three species of 
. tages (Anguillulidae, observed in diseased pseudobulbs of 
pP he soil ropical orchids. Liverpool Biol. Soc. Proc. Trans, 
1() i 9: 76-94 
Goopey, T., J. B. Goopey, ann M. T. Frankuin. 1956, 
he nematode parasites of plants catalogued under 
LOO \ ilodes their hosts, Comm. Bur. Agr. Para. (Helm.). Bucks, 


red 1 se | e ] England. 140 p 
[su M. 1957. Nematodes infestir 


Hawaii Farm Sci. 6: 10 


roots of orchids, 


plica lhe wet ' - | ’ 
i. § H, W.G 885. Orchid leaves diseased. Gardeners 

re Chronicle 24: 731. 
al that of » Swirn. W. G. 1886. Disease of Odontoglots caused by 


" itoid worms. Gardeners’ Chronicle 25: 41 
‘ ver, G. 1927. Tvlenchus pratensis and various other 
is attacking plants J Aor, Research 35: 961. 
! t 18] 
Isolated by L. Davis, Department of Plant Pathology, 


ly sitv of California, Los Angeles 








vol. 49 


rl 


ribneri 
10 g 


ots 


series, 
rme, a 
lindro- 


in the 
8-10 


were 
oO had 
which 
ad at 
dition 
series 


i had 


soil 
bs of 
in a 
xative 
root- 
luced 


‘rotic 


MENT 








' 


CONTROL OF PRE-EMERGENCE DAMPING-OFF AND TWO LEAF-SPOT 


DISEASES OF SESAME 
C.A 


BY SEED TREATMENT! 


Thomas 


SUMMARY 


Orthocide 75 was the most effective of several 
seed protectants tested for protecting seedlings 
against pre-emergence damping-off by soil fungi. 
Control ot Pseudomonas sesami on seed by treat- 


ment with streptomycin and of Alternaria sp. by 
treatment with other materials resulted in a signifi- 
cant reduction of leaf-spot diseases they cause in 
the field. 





The development and commercial production of 
sesame (Sesamum indicum L.) as an oilseed crop are 
relatively new in the United States. Poor stands re- 
sulting from pre-emergence damping-off by soil fungi, 
and leaf spots caused by Pseudomonas sesami Malkoff 
and Alternaria sp.. are production problems parti 
larly in the southeastern states 

The value and use of chemical fungicides for treat 
ment of vegetable and cereal seeds are wide ly known 
However. little or no information is available on the 
effectiveness and value of treatment of sesame seed, 
although sesame is one of man’s oldest oilseed crops 
This paper reports the results of experiments con 
ducted at Beltsville. Maryland. in the greenhouse and 
in the field from 1954 through 1958. The tests were 
designed to determine the efficacies of chemical treat 
ments for controlling pre-emergence damping-off and 
the 2 leaf-spotting pathogens. 

MATERIALS AND METHODS.—Seed of the variety Kan- 
sas 10 produced at Beltsville, Maryland, was used in 
most tests. This seed was considered to be representa- 


tive of that produced by dehiscent varieties grown ut 


der humid conditions. where natural infections of 


Alternaria and hacterial leaf spots occur. Seeds of 
Dulce and the indehiseent variety Delco. produced 
relatively free of the 2 pathogens at College Station 
Texas.- were used in some tests. Viability of the seed 
in each lot was determined from germination tests of 
100 seeds on moist filter paper in each of 4 Petri dishes 
held at 30°C for 7 days. 

The seed treatment materials studied were Orthocid: 
75 75 captan, V-(trichloromethylthio) -4-cyclo- 
(rasan 90 thiram. 


hexene-1.2-dicarboximide 
\Arasan 19 


bis (dimethvlthiocarbamovy]) disulfide 


(75° thiram Spergon (96°, chloranil. tetrachlor 


p-benzoquinone Dow OB { ,2« zine ? 4 5-trichloro 


henoxide Ceresan M_ (7.7 V-(ethvlmercuri)-p 
I 


toluenesulfonanilide Ceresan 2.8 ethvlmercuri 


2.3-dihydroxypropyl mercaptide and 0.6° ethylmercuri 
acetate). Panogen 15 (2.2 cyano (methylmercuri 

guanidine ind Phy gon (50 dichlone 9 3-dichlor: - 
1.4-napthoquinone [wo antibiotics, streptomycin 


and rimoc d n. were used in studies on control oft seed- 


borne patl ogens 
Seeds in lots of 500 cc were treated with the ma- 


terials listed. Ceresan M was applied as a slurry: 


' Accepted for publication March 5, 1959 
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seed 


supplying the 


Ceresan 75 and Panogen 15 were applied as liquids. 
These three treatments were stored in sealed flasks 
for 24 hours and then in paper bags until planted. 
rhe other seed protectants were applied as dusts and 
the treated seeds were stored in flasks. Most of the 
materials were tested at dosages of ly to 2 oz./bu. of 
seed. A wider range of dosages was used in some 
preliminary experiments, and dosages were changed as 
the work progressed. Certain chemicals were tested 
at maximum holding capacity of the seed to determine 
phytotoxicity. Seeds were soaked for 1 hour in solu- 
tions containing 250, 500, and 1000 ppm of strepto- 
mvcin and 1000 ppm of rimocidin and then dried at 
room temperature, 

Preliminary greenhouse tests, prior to 1956, con 
sisted of plantings in flats, bench-beds, and 1-gal 
glazed crocks containing naturally infested field soils, 
compost, or compost mixed with an equal volume of 
vermiculite. Three to 6 replications of 25-1000 seeds 
each were planted when the soils previously watered 
to field capacity had dried sufficiently so that the 
surface could be worked to a depth ot ly in. Seeds 
were planted in furrows 1% in. deep and then covered 
with loose soil that was firmed by hand. Effect of 
temperature was determined by placing the glazed 
crocks immediately after planting in constant-tempera- 
ture chambers at 30°, 25°, 20°, or 15°C for 7 days and 
then at 30°C for 14 days 

After the preliminary trials, prior to 1956, green- 
house plantings were made in bench-beds containing 
compost mixed with an equal volume of vermiculite. 
W atering 


and planting were the same as in the pre- 
iminary tests. Most tests included 6 replications of 
700 seeds each for each treatment. Tests were run 
when the soil temperature could be maintained at 20 
25° \ll emerged seedlings were counted 10 days 
alte! planting. 

Field trials of seed protectants for stand improve- 
ment were made each year, and after 1956 consisted 

it least 4 repli ations of 700 seeds each. Tests were 
run usually in June when the soil temperature at the 
About 4% inch of water 


seed level averaged 20 95 Pe 


was applied immediately after planting, by means of 
sprinkler irrigation All emerged seedlings were 
counted 30 days after planting 

Isolations were made from damped-off seedlings in 
the greenhouse bench-beds and in the field plots to 
determine the causal organisms involved. Pathogenici- 
tv of fungi isolated most frequently was determined 


by the ability of individual isolates to cause pre-emer- 
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tests consisting of 4 replications of 50 seeds each were 
69.9% at 30°C; 30.4% at 25°; 8.2% at 20°; and 
8.3% at 15°. 

Seed treated with Dow 9B produced poor and erratie 
stands in all preliminary tests. Phygon caused marked 
stunting of seedlings at dosages over 1 oz./bu. These 
seed protectants were not used in subsequent tests, 

Greenhouse experiments after 1955,—Comparisons 
of the seed protectants at dosages of yy, l. and 2 oz. bu. 
indicated that all materials caused significant increases 
in stand and that Orthocide 75 was the most beneficial, 
particularly at the lower dosage levels. Minimum 
effective test dosages ot 14 oz./bu. for Orthocide 75: 
by oz. bu. for Arasan 75 and Spergon: and 1 oz./bu. 
for the mercury compounds were established from re. 
sults of repeated and separate experiments with each 
material at dosages of |. 'x. 44. Ye. and 1 oz./bu, 

The results of tests performed in 1955, 1956, and 
1957 (Table 1) in which the protectants were com. 
pared at several dosage levels showed Orthocide 75 
to be significantly more effective at a given dosage than 
the other materials. The only injurious effects noted 
were stunting of the seedlings and cupping of the 
cotyledons caused by Arasan 75 at 2 oz./bu. 

Stands of Delco. an indehiscent variety. were im- 
proved less by seed treatment with Orthocide 75 than 
were stands of the dehiscent variety Dulce (Table 2). 
Slower germination of Delco seed and lower viability 
which results from mechanical damage to the seed in 
threshing. presumably were responsible for the differ- 
ence between the two varieties 

Field experiments.Results of tests made prior to 
1956 varied markedly from year to year. Seed _ pro- 


e effective in causing significant increases 


tectants wer 
in stand only in the years when cool. wet weather 
occurred immediately after planting. Results were 
more consistent in the following years. when plantings 
were made only during cool periods and were irrigated. 
Stands obtained in 1958 (Table 3) were typical and 
showed Orthocide 75 to be superior to Arasan 75 and 
Spergon at the lower dosage levels. (rasan 75 was an 
effective seed protectant but appeared moderately 
phytotoxic at dosages greater than 1 oz./bu. Stands 
in field tests were never as good as those in green- 
house tests 


Control ol seed-borne pathogens Plants oft the 


Pance 2._-Stand of 2 sesame varieties treated with Ortho- 
de 75 for control of pre-emergence damping-off in 


G #£Teeé nhouse he ne A hed orf sol 


\Mean percentage and stand 


Dosa 
OZ Du Deleo Dulce 
None 0.0 0.2 
i, 2.2 14.5 
j >. 53.8 
10.5 65.0 
8.4 69.0 
i] wo ) "ce ) 
0.0 402.0 


Average of 6 replicates of 700 seeds each. Delco and 


Dulce 43 and 84% viable. respective ly 
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Vol. 49 August. 1959 THOMAS: CONTROLLING THREE DISEASES OF SESAME BY SEED TREATMENT 1634 7 
ch were variety Kansas 10 grown in the field at Beltsville for laste 3.—Efficacies of 3 seed protectants for improving P 
> and seed became affected with Alternaria and bacterial stand of the sesame variety Kansas 10 by control of ’ 
We- y ( lampin2Z-o j ra] % 
leaf spots before harvest. Plants grown in the field mergence damping-off in a field plot in 1958 ‘ 
erratic or greenhouse from such seed developed Alternaria \I 
' iterial Dosage Mean percentage 
marked spots on the coty ledons. Counts of these infections in oz. bu stand 
These } the replic ated greenhouse and field seed treatment tests \ ; 
, one 
tests, indicated that all the protectants except Spergon gave Orthocide 75 + “. 
iocide , A 31. ‘ 
arisons good but not pertect control at the dosages tested 90 . 
2 ae a) 
OZ. bu. Rimoc idin gave nearly pertect control when used at | 13.8 . 
creases 1000 ppm as a seed soak. 2 $4.8 ? 
: : x 3.6 “a. 
ieficial, Bac terial leaf spot did not develop sufhe iently on a 7 
inimum cotvledons or first true leaves to permit evaluation of \rasan 79 4 13.8 ’ 
de 75; +} | “d | i 4.1 rick 
(9; control in the replicated plantings. 72 ~ Pom" 
32.1 Hi 
oz. bu, Alternaria and bacterial leaf spots always developed 2 33.7 
we 
na 2 and usually were severe by time of flowering in isolated aX 87 ae 
ae i } o* ® 
1 each plots planted with untreated seed. Bacterial leaf spot Spergon 10.8 id 
° : = ' o . 
oz. /bu, was never observed in isolated plots planted with the 17.5 on 
f ’ 
6. and same seed that had been treated with streptomycin at 26.1 ry 
. 250, 500. or 1000 ppm. This was true in tests over - 17 7 
, ») 9 & 
ide 75 i 3-vear period in which at least 1 isolated plot each sm —— 
re ths e "he 
re than vear was used for each treatment. None of the other LSD (0.05) 2.1 :" 
noted seed protectants or rimocidin gave control The (0.01) 2.8 _* 
- 
of the development of Alternaria leaf spot in the isolated ; , “s 
. nes se: Average of 4 replications of 700 seeds each. Seed 96% > 
plots indicated that Orthocide 75, Arasan 75. and rimo viable > 
re im- 7 
5 th cidin gave good control in the seedling stage and “ 
. than . . ti } 
often delayed severe infection unt fte owering o 
le 2) | iver a ction until Y r fowermg, was successful in controlling Cercospora sesami Zimm - 
a}. ‘ptomycin ane ‘Treo ‘re not effec ; ' 
aie treptomycin an pergon were not effective, with hot water. Brown and Streets" reported control of ‘ 
ibility ; : r 
eed in Dis« LssloN Seed treatment was shown to be of bacterial leaf spot ny mercuric ¢ hloride seed treat- 
ment. Bacterial leaf spot in this study was controlled 


considerable value for improving stands of sesame 


differ. 


. a 
e+ tage 


There is ample evidence. however. that seed treatment in isolated plots by treatment of infested seed with 


<treptomycin. Loss from Alternaria leaf spot was re- 


— mav be of litthe value to sesame under conditions less } 
| pro- adverse than those used here and that treatment may duced appreciably by seed treatment. Control of these A 
reases he ineffective under more severe conditions. Spergon diseases by use of clean seed and crop rotation was "Temp 
eather and Arasan. which were widely used as seed pro- indie ated. This was demonstrated on a large scale in ut 
wil tectants for sesame when the crop was first grown 1958 on the Horseshoe Plantation at Tallahassee, Lo 
ntings commercially in the United States. were found to be Florida. Plantings made with infested seed produced 
vated inferior to Orthocide on the plantation in 1957 were a complete loss from , 
ous Hoppe.’ working with corn, and Hagedorn! with Alternaria leaf spot. Plantings made on new land ; 
5 and peas, have shown that effectiveness of seed protectants with seed produced in Texas were free of leaf spot o 
as an in the field can be evaluated in the laboratory. Green- until plants approached maturity “ 
rately house tests with sesame appeared to indicate the rela- Crops Researcu Division, AGRICULTURAL ReseaRcH ra. 
stands tive value of seed protectants in the field SERVICE 


sreen- Previous studies of sesame have demonstrated field Unirep STATES DEPARTMENT OF AGRICULTURE 


control of leaf spots by seed disinfection. Nusbaum BevctsvitLe, MARYLAND t 
f the 7 
'~- 
be, 
Ortho. e.4 
off in 
“ 
Hoppe. P. E. 1953. Infections of corn seedlings. Year 
ook Agr. U. S. Dept. Agr. 1953: 377-380 
Hagedorn, D. J 1957. Field and laboratory tests otf : 
seed protectants for canning peas. Phytopathology 47: 70 be 
~*) 
7 Nusbaum, ( J 194] Studies of the ontrols of Brown. J. G.. and R. B. Streets. 1934. Diseases of field 
» and Cercospora blight of benne. South Carolina A Expt. crops in Arizona, Ariz. Univ. Agr. Expt. Sta. Bull. 148: 
Sta.. Ann. Rept. 54: 173-175 181-182 
; 











SPREAD AND LIFE CYCLE OF THE LETTUCE POWDERY MILDEW FUNGUS! 


W. C. Schnathorst 








S rARY E 

‘ 
Spread lery ldew indicated that initial infections were induced by 
Erysiphe ( e Salinas Valley of ascospores. Initial infections were observed only 
| | j 
California w the | tiling wind where perithecia had formed during the previous 
The ran ppears to be season. Perithecia burst upon absorption of water 
it least | es were disseminated it 15—-22°C. and ascospores from mature perithecia 

| | 

hetween ne | he mavroritys ft conidia were viable and infected both lettuce (Lactuca 
were disse! | 1} 2 spores or more sativa) and wild lettuc e iL. serriola). \scospores 
The powde ‘ werwintere mn the cerminated both inside and outside the ascus. De- 


Salinas \ ( t stage surveys vel pment of the mildew colony was illustrated. 











In the United S f idew i cultivated these areas. In one of these fields pe rithecia had heen 
lettuce (Lact d by / quite numerous, and the percentage of infection of 
racearum I) \l rred regularly ea lettuce plants increased from 0 to 85 in 26 davs 
vear since 195 1 ce | thre ine 25 to July 21). During this same period the 
Salinas Valle ( The disease in this fungus spread to adjacent fields, primarily with the 
country prol Sa \ ‘ 1! tiling northwesterly wind. infecting 20° of the 
hut new occur = in ( plants in some fields. By August 25, 100°7 of the 
fornia and At ( . , ind d we caused plants were infected in the field where perithecia had 
bv this diseas istrated els r been the most numerous. Eighty per cent of the lettuce 
oe a eee plants in the region between the 2 locations where the 
\n invest t ed t study the esta first infections occurred (about 3 miles apart) were 
lishment and develo e pathoge the field infected by September 25. 
ind to deter ( fornia ¢ \t 2 additional locations. 15 and 30 miles southeast 
vironment of the 2 lettuce fields where lettuce plants were first 
OBSERVATIONS S f , infected, 10067 and 82°% of the plants were infected 
ot initial inf the seas (reas by September 25. Perithecia had formed previously 
of initial infeectis tion and distance of in both locations. Plants in the area between these 2 
spread of the powdery s. wer idied i locations were free of mildew in September. Movement 
the Salinas Valley - me nonthlv survevs of the disease to the northwest (toward the Pacific 
manner of detern centage and severity of | Ocean), from the northwesternmost field where initial 
infection has been pre ribed (6 n survevs Infections oc urred, was detectable in September. Krom 
prior to 1955. pnerithe { d consistently. and » ptember 25 to November 9 the distribution of mil- 
most abundant S vere also found lew did not change appreciably. though it increased 
scattered locatio yne end of the Salinas n severity. In fields lacking infected plants on Sep- 
Valley to the other Yurir the winter of 
1954-1955. over-winter ( fields were caretully 
examined for activ ldew colonies. Such 
colonies were { ) I fut o thie 
winter months e plant ese fields 
were turned under « the spru February 28 
1955) to make \ I lant os At this time 
however, you! f pute I tie 
valley Such field i fo Old hetd V ictive 
mildew were observed ind repeatedly tron 
February 28 to J lew s found. On 
July 21, powdery ‘ ‘bserved on lettuce at 2? 
locations. whic] vel ) } les southeast the 
held where conidia »bserved February 
Perithecia had ee! I t these ? locations for 
several years. A stud nitiated to determine the 
direction, distanc lity of spread trom one of 
Fig. 1. Lettuce-growing area of the Salinas Valley, with 
lAccepted tor ) 999 regions of perithecial formation, conidial overwintering, 
The author ra é the nd ind initial infections indicated for lettuce powdery mildew 
issistance of Dr. R. G. | Uy sit f California 1954-55). The initial infections at Gonzales are infections 
Davis: and Mr. R | j County Department it wild lettuce by the lettuce strain rather than infections 
of Agriculture, Salin t iltivated lettuce, 
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August. 1959 SCHNATHORST: SPREAD AND LIFE CYCLE OF LETTUCE POWDERY MILDEW FUNGUS 165 
TABLE | \ ; onidia of lettuce 10u ’ ew tft L£ $¢ s jes in the Sa as la ey at various times 
ot the day 
lotal Potal spores | il 
otal groups in groups of single 

Time and date spores spores - OF more spores germ 
8:00 PM 8/24 50 to 8:00 AM 8/25/55 l 

8:00 aM) 8/25/55 to 3:00 PM) 8/25/55 £2 

00 pm 8/2555 to 8:00 PM) 8/25/55 

7-40 pm 10°17°55 to 8:15 am 10/18/55 6 6 i) 12 

8:15 am 10/18/55 to) 4:30 pm 10/18/55 229 6 12 | 

1:30 PM 1O 18 » to ra) 5 pM 10/18/55 > 2 U 

8-45 pm 10°18.55 to 9:00 AM 10/19/55 23 4 10 13 79 

9:00 am 10°19/55 to 12:30 pM 10/19/55 b] 0 1 10 4 

12:30 pm 10/19/55 to) 4:20 pm 10/19/55 204 12 142 62 bo 

5:00 pm 11, 8.55 to) 2:15 pm 11/10/55 23 201 - 
‘Spores trapped on glass slides placed horizontally on wooden blocks 

[he average number of colonies of powdery mildew per basal leaf of the lettuce plants was 11 

[The average number ot colonies of powde ry mildew per basal leaf of the lettuce plat ts was 67 

Spores trapped on glass slides placed vertically on wooden stakes, 
tember 25, 50-100, were infected by November 9. during the period when mildew colonies on the basal 


Further movement of powdery mildew to the northwest 
was detected. but infection was severe only in fields 
where the incidence of lettuce mosaic was high. 

In general the disease was most severe in the areas 
where perithecia had been observed previously. 

Dissemination of conidia——During the 1955 growing 
season, studies were conducted in several helds ot 
differing disease severity to determine the amount and 
pattern of conidial dispersal. Conidia were collected 
on dry microscope slides, to which they readily adhere. 
Slides were placed horizontally on 1-in.-thick wooden 
blocks resting on the ground in the center of lettuce 
beds, or were mounted vertically on 3-ft.-high wooden 
stakes and directly facing the prevailing wind. The 
sampling blocks and stakes were distributed in a 
straight line, but at an angle to the lettuce beds of 
about 45 Samples were collected well in from the 
edge of the lettuce fields and at 10-bed intervals. Each 
sample (3 slides) was collected at various times 
throughout the day and night. The slides were placed 
on glass rods in Petri dishes containing 5 ce of dis- 
tilled water so that RH (relative humidity) would be 
preventing conidia from drying 


All slides were 


examined 2 days later for determination of the numbet 


maintained near 100°, 


out and permitting them to germinate. 


of spores trapped and the percentage of germination. 

The greatest numbers of conidia were trapped be- 
tween about 12:00 NOON and 4:00 P.M. (Table 1). 
\ few spores were trapped at night, but much less 
than during the day. Seventy per cent of the conidia 
trapped occurred in groups of 2 or more, with as many 
as 22 spores in a group. Fig. 2 shows a typical example 
of dissemination of several spores as a single large 
group. The high percentage of spores in groups could 
possibly have been the result of the horizontal position 
of the slides, which might have favored the collection 
of heavier spore masses. However, a similar proportion 
was found on the vertical slides. 


) 


It was estimated that at least 210° conidia were 


disseminated over an acre of lettuce every 24 hours 


leaves averaged 67 per leaf 


Development of the mildew colony.—Development 
of the colony was studied in detached leaf culture. 
Healthy lettuce leaves of the Great Lakes variety were 
floated on 10 ce of a 3 sucrose solution in Petri 
dishes, inoculated with freshly produced conidia with 
a camel’s-hair brush, and incubated at 22°¢ \ con- 
tinuous source of illumination of 300 ft-c was provided 
at the leaf surface. Celloidin strippings (1) were 
taken after various intervals, placed for 30 minutes in 


05% cotton blue in lactophenol, and then mounted 





>» 


BED 


cat 
¢.; = Wy, 
Fig. 2. Conidia of lettuce powdery mildew trapped as a 


group in the Salinas Valley. Picture was taken of spores 
is they occurred on sampling slide from the field 


*' 
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Infection was indicated when the infection 


usually did not 


infection was impossible, i. 


primary 


hvpha | iv > B formed. bec ause it 
form whe re 
Haustoria were 


water azar, etc. globose and occasion- 


ally branched. Two, and sometimes 3. haustoria formed 
in a single cell when mildew development was profuse 
The secondary jsfection hypha, arising from the pri 
mary appressorium, and the primary 
distinct appressorial 
distributed 
After this 


formed Fig »-( - followed bv 


infection hypha 


elongated and formed enlarge 


ments. intermittently along each 


hvpha 


elongation, a tertiary hypha 


branching of the se¢ 


ondary hypha \ quaternary hypha generally devel- 


followed by branching of all hyphae 


Fig 3-1 \ 


germ tubes, but 


single conidium usually formed 4 


sometimes > oO 9 ( onidiophore 


about 


Fig. 3-1 If un 


and gradually 


width of the 


appeared 
twice the mvcelium 


disturbed. conidia 


were tormed in chains of as many 

as 20 spores 

} if fiolr Mf perithecia and ascosyprt es lests were 
made the laboratory to determine whether perithecia 
were functional and whether iscospores were viable 
and could infect lettuce and wild lettuce. During the 
winte of 1955-56 perithecia of the wild-lettuce strain 
ot I Choracearun were colle ted Iron dead le ives 
0 d-lettluce plants In addition perithecia of the 
lettuce strain were obtained from pressed L. sativa and 
Si um marianum Gaertn. leaves S. martianun 
fected in the laboratory produced perithecia in some 
instances) that had died before being pressed. The 
wil ettuce leaves were stored 3 months at 10°¢ ind 
ibout 60 RH The lettuce and S. marianum leaves 
had been stored 18 months at 22°C and about 50 
RH Leaf tissue with perithecia was examined to 
make ertain that none ot the verithecia had burst. 
place m moistened filter pape Petri dishes nd 
ela at 22° ¢ 

Perithecia of both strains begar breaking within 
24 irs (Fig. 3-G.H and continued to break for 
several davs. In similar tests the highest percentage of 
breakage is 1D in anv one test | probable that 
perithe il breakage was caused by hydrostatic pres 
sure due to absorption of water Maturity of perithecia 
of e lettuce and wild-lettuce strains of mildew 
cou gauged by the n imber or si veled perithecia 
ol if. maturity being inversely proportional to 
the imber that shriveled Perithecia from gree! 
f - were usually not functional. and the ascospores 
co ed within were not viable In contrast. asco 
spores were ible when tak tro perithecia o1 
le - id = «be illowed oO aie ) the plants 


glass slides, 


} 
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Ascospores formed short germ 


tubes on glass slides, 


and germinated inside the ascus as well. 


As ospores 


that germinated in the ascus formed a penetration peg 
that penetrated the ascus wall 


Several 


attempts were made to determine whether 


ascospores otf this fungus could infect a host resulting 


in the tormation of mildew colonies 
Mature perithecia of the lettuce strain of mildew 
were produced in the laboratory i] +c. Of RH. and 


900 it.-c of illumination 


wild lettuce / 


{ perithecia produced under these conditions appeared 


at the tops of the plants) on 


stems of serriola L.). The majority 


to be mature. Small pieces of the dead stem (dead 


tissue was used to prevent possible contamination from 


conidia) containing perithecia were removed with a 


razor blade. placed on pieces of circular filter paper. 


and inserted into a Petri-dish lid. The filter 


paper was 
moistened with distilled water and inverted over de- 
tached lettuce or wild-lettuce leaves floating on dis- 


tilled half of the 


water in the lower 


Petri dish. The 
at 22°C. Continu- 


was provided All 


ised in these tests were obtained from healthy plants 


lishes were placed in the laboratory 


ous illumination of 300 ft- leaves 


grown in a greenhouse that was checked frequently lor 


the presence ot « 


mntaminating mildews (on wild lettuce 


only No contamination was observed 


\ 
Another 


was also 


method of obtaining intectrons 
method 


from the 


ascospore 


ised lt was similar to the above 


except that 590 perithecia were transterred 


dead stem pieces to circular filtet 


which were 


detached 


pape i. 


placed in a dish cover inverted 


ove! 


wild-lettuce leaves and held at 15 ¢ This method cut 
down the amount of contamination trom other tungi. 
which with the other method otten overgrew the 
moistened stem tissue 

Infection of lettuce and wild-lettuce leaves resulted 


from both methods. Measurements of the spores from 


which the colonies arose indicated that an as ospore 
was involved in 


It is 


tional and constitute a means by which the 


evident and funce- 


organism 
av survive the winter and bring about 


row 


infections in 
thie following season 


DISCUSSION AND CONCLUSIONS 


Since intections of 
lettuce powdery mildew appear first in the same areas 
each year. at sites where perithecia had abundantly 
formed during the previous season, it appears that 
perithecia are functional and that ascospores play a 


fungus can overwinter in the 


part in the disease cycle 


the fact that. 


was substantiated by 


ilthough the 


asexual stage initial infections during these studies 


were not due 


initial infections did net 


occur until 3 months after the overwintering plants 


had been destroved In addition, it was shown that 
l powdery ‘ " ! germinatio te sporula 
blue; G-I) fro eal tissue A) Germ tube and primary 
ft the germ tube B) Primary infection hypha arrow) ; 
germ tube. C) Secondar pha f from the 


; ormed germ 
vs D) Quaternary hypha 


broken in situ 


* 
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perithecia nd asce f 
More conidia we e1 vind and 
low RH occurre: e afternoon (5 


Wind velocity a RH ear to explain 
the fact that gre | ipped 
in the afternoor hes ir to those 
reported by Yarwo [ pl goni Dt 
Yarwood (8 tate ( lia was 
presumably i 1) Le pe ‘ [hie 
maturity of the f t leat and 
fungus surtace bie c ed that 
eration of conid ‘ xhit ecaust 
of higher RH and erved that 
chains of conid s at sh RH 
( 100° stuck tog e detact ent of 
chains or “IT ( ! ! pores 
formed at lower | | f HU | t adhere 
to each other tt iffect to a large 
extent the number. et ) lewed 
leaves. 

Powdery n { Sa 
Jose. Concord ! Br | l i the Salinas 
Valley ippear alt ‘ i : licates 
that spore showe era lf irea 
and that the sour t the f s the Salinas Valley 
This view is furt t peri 
thecia have not t ettuce areas north ofl 
the Salinas Valley f ective inge of conidial 
dissemination appears t t least 120 it e., the 
distance from the Salina Valle to Brentwood and 
Concord. in northern ¢ 

Observations in the | 7 dicate spores 
in clusters are more resistant lesiccation than are 
spores occurring s \ } nation of ¢ idia in 


ATHOLOGY 


Vol. 49 


chiefly single and conidia clustered 


to the 


viable conidia would reach the host than 


groups 


together 


paired 


could be a decided advantage fungus 


in that more 


would reach it if conidia were disseminated singly. 


Dissemination of conidia solely as chains (3 or more 


conidia in a chain). on the other hand. does not appear 
advantage to the fungus. 


to be of anv Observations in 


he laboratory indicate that only the end spore (oldest 
spore) in a conidial chain is capable of infecting the 
host, even though other conidia in the chain germinate. 
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HOST-PATHOGEN INTERACTION OF THE GENES FOR RESISTANCE IN HORDEUM VULGARE 
AND FOR PATHOGENICITY IN ERYSIPHE GRAMINIS F. SP. HORDEI! 


J. G. Moseman- 


SUMMARY 


[he interaction of the genes conditioning resist- 
ance in the barley host and the powdery mildew 
pathogen was determined. For each of the genes 
Mi. and Ml... which condition resistance in Goldfoil 
C.1. 928) and Kwan (C.I. 1016) barley varieties, 
respectively, there was a complementary gene tor 
ruience in culture ( AN12 of race 12? ot Erysiphe 


graminis 1. sp. horde I gene complementary to 
Ml, was designated V,, and the one complementary 
to Ml was designated \ By st idy of progeny of 
the cross of cultures CANI12 and 21.1 of race 9, 


avirulent on Goldfoil and Kwan, it was shown that 


the genes iP and \ were herited independently 





[NrropUcTION.—As early as 1905 Biffen (1) estab- 
lished that the inheritance of resistance to disease 
inciting organisms in plants followed Mendelian laws 
Since then the relationship of the host and pathogen 
1 found that 


studied extensively It has bee 


has Heer 
host-pathogen relationships include directly o1 in 
directly most of the fundamental problems of infec- 
Although there have been extensive 
studies oF physiologi specialization. pathogenic val 
abilitv. and inheritance of genes conditioning resist 
ance eW varieties resistant to a certain ftungus tre- 
quently become susceptible to new pathogenic strains 
This suggests the 
need for a new approach to study of the problem. 


Flor (4) 


ot it a tew years alter their release. 


proposed a complementary gene-for-gene 


relationship between rust reaction in the host Linun 
usitatissimum L. and pathogenic ity in the flax rust 
fungus Welampsora lini (Pers.) Lev. This study was 


undertaken to determine whether the same relation 
ship exists between the genes for resistance in the 
host Hordeum vulgare L. and for pathogenicity in the 
pathogen Erystphe graminis D¢ ft. sp hordei Em 
This study differs. however, in one important 
netic feature. namely. in flax and flax rust the or- 
ganisms in the host-pathogen relationship are diploid 
ind dicaryon, whereas, for barley and barley powdery 


mildew. the organisms are diploid and haploid, re 


spectively The interaction was studied of the genes 
that condition resistanee in the varieties Goldfoil (C. I. 
928 ind Kwan (C. 1. 1016) and of the genes for 
pathogenicity in cultures ( AN12 of race 12 and 21.] 
or? +e | 

REVIEW OF LITERATURE The barley varieties Gold- 
foil d Kwan were each found to have one gene con 


ditioning resistance to the culture of race 3 of powdery 


mildew present in California. In 1937. Briggs and 
sary 2 designated the gene in Goldfoil that con 
ditioned resistance to a culture of race 3 of powdery 
mildew. MI In 1938. Briggs and Stanford (3) iden- 
tihed a gene. which they designated Mlk. in Kwan 
Accepted for publication March 6, 1959 
*Plant Pathologist, Crops Research Division, ARS, 


U.S. D. A., Beltsville. Maryland 
( | efers to the accession nu Der {t the Cerea ( rops 
Research Branch. ¢ rops Research Divis 


that conditioned resistance to this « ilture of race a 
ind thev showed that the genes Ml. and Mle were 
inherited independently 

There have been numerous investigations on physi- 
ologir specialization and pathogenic variability in 
Erysiphe graminis { sp. hordel, yet genes tor patho- 
genicity have been identified in only a few studies. 
The 2 genes for pathogenicity in the present study 
were first reported (5) in 1957 At the same time 


reported isolating 2 genes 


Marchal for 


Powers and Sando (10 
in fF graminis DM I. sp. tritici Em 
pathogenicity on wheat 

MATERIAL AND METHODS.—-Seed of the varieties Gold- 
foil (C. 1. 928) and Kwan (C. |. 1016), which are 
susceptible to culture CANI2 of race 12 and resistant 
to culture 21.1 of race 9. were obtained from C. W. 
challer, in California. These were from the supply 


ised in studies in which the genes Mle and Mix were 
isolated. Seed of the variety Manchuria (C.I. 2330) 
was obtained from G. A. Wiebe. 

The cultures CANI2 of race 12 
ire the cultures used in earlier studies (7, 8) 
CAN12 originated from a single ascospore from cleis- 
tothecia on plants grown by W. J. Cherewick in the 


and CR3 of race 3 
Culture 


greenhouse at Winnipeg, Canada. Culture CR3 is a 
single conidial subculture of the culture of race 3 used 
to identify the genes Mle and Mlk. Culture 21.1 of 
race 9 originated from a single ascospore from a plant 
grown in Pennsylvania 

Since it was found in the studies reported by Powers 
and Moseman (9) and additional unpublished tests 
that both Erysiphe graminis f{. sp. tritici and Erysiphe 
graminis 1. sp hordei are heterothallic, it was pos- 
sible to obtain crosses of the pathogen by the follow- 
ing method: One or 2 plants of the susceptible variety 
Manchuria were grown in 5- or 6-in. clay pots for 
1-6 weeks In a section oft the greenhouse tree from 
powdery mildew. The powdery mildew was kept out 
of this section by placing sulphur on the steam pipes 
it weekly intervals. Before inoculations were made, 
a plastic cylinder 36 in. high, with the upper end 
covered with 4 layers of cheesecloth, was placed around 
the plants. Inoculations were made by removing the 
cheesecloth from the top of the cylinder, and spores 
of each culture to be crossed were allowed to fall on 


the plants The inoculated plants were placed in a 





170 {YTOPA 
L—S. 
ba f A Var 
f rie (i 
/ , 
i > 
Cross ( h ites 
Manchuria CR 050 
Goldtoil , 50 
Manchuria CR ) 


Kwan ; A) 


‘All the | th 
cultures CR3 
vreenhouse Key [ { t ed 
in 4-6 weeks t 
were of compat f 

Leaves witl ‘ 1 « eqd 
at 10 C in envelope el ‘ ‘ od 
for obtaining ascosy ( i eistothes vas de 
scribed in detail \] i P ( For 
this study the ascospore mwed to fall on ind 
infect seedlings Wil \ t= surrounded 
by lamp chimney Sect { leaves wit dividual 
pustules were cul t vated « b= sucrost 
solution for 48 hours the transterred either to 
other plants growing it lay pot rrounded by 
lamp chimneys or to | ving 100-mm_ test 
tubes. 

Inoculations and test eaction of the plants 
to infection were made wing roor it 66-69 > | 
with 550 ft-e of light fh |. white fluorescent tubes 
for 16 hours a day | e | fa ‘ m the 
crosses Manchuria (, l 1 Manchuria Kwan 
were inoculated separate ultures CR3 ein 
for comparing the react it the tamilies to the 2 
cultures. The number of nts tested per F. family 
was 15 for a susceptible f y and 25 for a segregat 
ing or a resistant | 

Resutts.—-Seedling 1 s of | families from 
the crosses ot VI inci IT ! Vil (, ldfoil ind W Kwan 
to inoculation with cultures CR3 and 21.1 of / siphe 
graminis {. sp. hor ible 1. Previous 
tests (2. 3) of progeny osses of Goldfoil and 
Kwan with Atlas sho varie has 1 cent 
conditioning resistance CR L) Table 
1 indicate that each variet whe rossed w Man 
churia. has 1 gene condit gy resistance to culture 
CR3. Since all | lie t ? crosses reacted 
the same to cultures CR hs s ass ed that 
the same gene conditir stance to hot iltures 
Since the seed of Goldt Kwa were ron he 
same source used to ident VII Vil ind 
culture CR3 is a s t tf the « ture {1 that 
study. it is assumed 1 enes litioning 
resistance to cultures CR \l fron 
Goldfoil and Mik. fr Ky 

(,enes tor 1 1, lew n the host 
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ire identi 


ied by the pathogenicity of specific cultures 


of the pathogen. Genes for pathogenicity in the patho- 
gen are identified by the reaction of specific varieties 
of the host. Designations of the genes for resistance 
in barley varieties Goldfoil and Kwan, and the com- 


plementary genes for pathogenicity in powdery mildew 
cultures CAN12. CR3, and 21.1 are Table 2 


fhe genes in barley for reaction to powdery mildew 


i 
shown in 





are designated by MI for a dominant gene and ml for 
ie recessive allele. The gene locus is identified by a 
subscript letter following the letters MI These sub- 
-cript letters are small. in conformity with the desig- 


lation previously used of genes conditioning 
Alleles at 


indicated by a superscript 


resistance 


to powdery mildew barley a gene locus 


would be 


in 


number following 


t 


the letter identifving the gene locus. The genotype of 


Goldfoil is MI,MI,ml,ml, and for Kwanml,ml,MI, Ml. 
The genes in the pathogen 
nated by either 


1Or pathogenicity are desig- 


or \ 


letter A « followed by the subscript 
for the complementary gene locus in the host. The 
letter A indicates that the gene is avirulent to the 


complement iry gene for resistance in the host. and \ 
indicates it is virulent. The subs ript letter identifies 
the complementary gene locus in the host. The re- 


>» 
to. 


(N12. ¢ and 21.1] 


spective genotypes of cultures ¢ 
are V,\ A.A,. and A,A, 

lable 3 shows the frequency of cultures with various 
genotypes (N12 
21.1] resulting 
on hosts of Known genotypes. 


derived from the cross of cultures ( 


and as determined by reaction 


types 


There were 26 cultures 


virulent and 23 cultures avirulent on Goldfoil, which 
has the gene Mi, for resistance, and 28 cultures 
virulent to 21] cultures avirulent on Kwan. which has 
the gene Ml, for resistance. These frequencies of 


virulent to avirulent cultures fit the 1:1 ratio expected 


All the cul- 


when there is 1 gene for pathogenicity. 


tures were virulent in the variety Manchuria. which 
does not possess genes for resistance to either of the 


\s determined by the 


of the 3 varieties with known genotypes. there were 21 


cultures in the cross. reaction 


cultures with the genotype of the parent cultures and 


28 cultures whose genotype differed from the parent 
cultures The lrequency of the 4 possible genotypes 
| ABLE re Designation of genes or resistance i barley 

arieties Go dtoil and Awa and for pathogent« tv in 


pou dery\ mildeu cultures ( {V]2 ( R >. and 2] ] 


culture 
iN) 


21.) 


Powdery mildew 


Barley ind g 


AN12 


enoty pre 


Variety Genotype (2N)* ¢ CR3 


Goldfoil MI,MI, 
Kwan ml 


mkmlk \ \ A. 
MI.MI. V, \, Ax 


em, 


| he 


nilde Ww 


MI 
Capital | 
for 


indicate for 


etter 


letters genes reaction to powdery 





Ml is for dominant genes and sma 


their recessive alleles. The subseript letters 


| 
Alleles at a 


letter mi is 


identify the gene locus. would be 


gene tocus 
indicated by superscript numbers following the letter iden 
tiftving the gene locus 
The letters A and V indicate the avirulence and viru 
lence genes for pathogenicity, respectively The subscript 
letters identify the complementary vene for resistance in the 
host. 
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[ABLE I ¢ lures wut - 1 
eS 1 hosts witl L es 

Reacti 


Variety host V.\ V A, 


Goldto NI Mi! 
Kwan nl 


mixmils 


MiMi ~ R 


Manchuria ni, miximly s s 
Pot eact! venotype 13 13 
Reaction type susceptible; R esistant 
Genotype V,V« is for culture CANI2 and A,Ax is for 
Ratio of resistant and sus¢ eptible reaction types expecte 
for pathogenicity tor each gene that conditions resistane 


fits the 1:1:1:] atio expected it the 2 genes for patho 
ire nherited independently 
culture CANI2 has |] 


gene \ col plementary to the vene Mi. n the variety 


virulent 


Goldfoil. and another virulent gene V, complementary 
to the gene Ml, in the variety Kwan, cultures of the 4 
genotypes were crossed with the parent ¢ iltures and 
f the cultures resulting 


from these crosses as determined by the reaction of 


} 


with each other Genotypes ¢ 


shown 


\t least 8 progeny were tested from all but 1 of the 


varieties of known venotypes are 
19 crosses. For each of the crosses the genotypes of 
the cultures obtained were those expected \ total 
of 231 progeny were tested. 

Discussion..-Whether an organism is homothallic 
rr heterothallic determines how it can be used in 
genetic studies since Erysiphe graminis 1. sp. hordet 
is heterothallic. sexual combination will occur only 
when cultures of opposite sexual compatibility groups 
are combined. Therefore. a culture derived from a 
single spore cannot be selfed, and mixtures in a cul 
ture, if they are of opposite compatibility groups. can 


he detected by placing the culture on plants under 


Tapte 4._-Frequency of 


f {V]? and 2] ] and with each other as det 


C,¢ notype 


of First Second 


: parent parent V.\ k 
\ 
\ 
\ 
\ 
\ 
\. 
\ 
\ 
\ 
7 ) \ 
\ 
\ 
\, 
\ 
\ 
\ 
\ 
\ 
\, 


Cultures with the dentical pathoger ty are CANI2 


SSF PP SP PSP SE SPP PKA 
el ti ee ee ee oe ee ee 
Seed fee eo > fo e>> <<>> > 


Cultures with arte § genotypes a 


VULGARE TO ERYSIPHE GRAMINIS HORDE! 7 
S ( i \ a é } as ¢ fer ined 
M pes . Ra Value of P 
pathogen R:s for ratios 
Ag¥ ALA, Ol Exp indicated 
R R 23:26 1:] 0.60 
» R 21:28 l:] 0.30 
s s 0:49 0:1 0.99 
cRcaee 0.50 
ilture 21.1] 
d if the hypothesis is valid that there is a complementary gene 


onditions in which cleistothecia are formed lf the 


cultures involved in a cross are checked for mixtures 
of sexually compat ble cultures then cleistothecia 
formed are the result of the combination of the 2 cul 
tures. Two cultures with the same sexual compatibility 
group will net cross This often prevents the in 
vestigator from obtaining desired crosses between cer- 
tain cultures 

\ determination of the pathogenicity of progeny 
from a cross between 2 cultures that differ by 2 genes 
tor pathoge nicity shows the re lationship of those genes 
The phenotypic expression of the reaction on the host 
also identifies its 


genotype since the pathogen Is 


haploid. Therefore it is not necessary. as with diploid 
or dicaryon species, to progeny-test the organism to 
determine its genotype The linkage relationship of 
the genes can be determined by comparing the number 
of progeny from a cross that are similar to the parents 


| his ( ould be 


important in predicting the frequency of occurrence in 


with the number that are dissimilar. 
nature ot specifi pathogenic types 

lhe complementary relationship of the specific genes 
in the host with specific genes in the pathogen could be 


ed from crosses o iitures ot 4 genotypes with parent 


ned by reaction types on hosts with known genotypes 


Expected ratio 


{ 


nber progeny 


th genotype genotype 


\, A.V. AAs V.Vi VLA A.V: ALAy 


0 0 ] ] 0 ft 
6 0) | 0 | i) 
0) 0 | 0 () 0 
0 10 0 0 0 ] 
0 j 0 ] 0 | 
| 0 (0) ] ] 

2 ) l ] | | 
0 1] 0 ) 0 | 
0 4 0 | 0) ] 
] 4 0 () ] | 

1 2 l | 

0) ) () ] 0) 0 
0 | ] 0 0 

2 2 l l | 
10 0 0 0 
) 0) 0) ] () 

0 0 | 0) 0 0) 

10 1.1. 35 and 37 t 2 ind 19 and 20 


Of “he7,.8 ~ bee) 


ATHOLOCY 


}? ithogenicity 


p ithowe nicity 


the possibility 
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AS AFFECTED BY TEMPERATURES 


IN WATER OR DOWICIDE A SOLUTIONS 
and W. L. Smith, Jr.* 


MIMARY 


6 days at 75° Rhizopus rot was still somewhat less 
in peaches previously held at 40° than in peaches 
previously held at higher temperatures. The per- 
centage of brown rot at this time was about the 
same, regardless of previous holding temperatures. 
Dowicide A reduced both rots, but was much less 
effective when the holding temperature was 60 


than when it was 55° or lower 





INTRODUCTION 


United States 





practi t nowever, peaches are isually illowed to 
warm to room temperature during retail marketing. 
Information is limited on the development of decay 
of peaches at warm temperatures after removal from 
cold temperatures. As reported earlier (3). peaches 
hydrocooled and held 5 days at 40°F developed less 
Rhizopus rot at 75° than comparable peaches not 
held at the low temperature. Decay was still less when 
peaches were hydrocooled in a fungicide solution be- 


ore holding at 40°. The present study expands the 
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previous work and reports the effect of various tem- 
peratures that may occur during holding or transit on 
the amounts of brown and Rhizopus rots that develop 
on hydrocooled peaches after they are warmed to room 


temperature. 


MATERIALS AND METHODS.—Peaches obtained from 


wholesale houses in Washington, D. ¢ were sorted 
for approximate uniformity of ripeness and freedom 
from decay or other damage. They were composited 
into experime ntal samples of 15 or 20 fruit. One set 
ot samples was uninoculated. To give consistently 


high infection, a set ond set was iIno« ulated with spores 
of the brown rot fungus (Monilinia fructicola (Wint.) 
Honey and a third set was inoculated with spores ot 
the Rhizopus rot fungus (Rhizopus stolonifer (Eh 
ex Fi Vuill. in a manner previously described (5 

About 2 hours after inoculation the fruit was hvdro- 
cooled by submersion for 15 minutes in ice water or in 
A (97 


sodium o-phenylphenoxide) containing 0.1 trisodium 


an ice watel solution of 0.1% Dow ide 


phosphate as an alkaline buffer. 

Phe hydrocooled samples were immediately placed 
in open 4-qt. tills at holding temperatures of 40°, 45 
50°, 55°. or 60°F, left 3 days, and removed to a 75 
room for 3 or 6 davs. Decaved pear hes were counted 
and removed after the holding period, and after 3 and 
6 days at 75°, and the cumulative decay percentage 
was computed. 

The firmness of 20 comparable fruit was measured 
with a Magness-Taylor pressure tester with a °,-in 
plunger (2). at the start of each experiment, on re- 
moval from the holding temperatures, and after a sub- 
sequent 3 days at 75°F. 


] 


} 


This experiment was performed 11 times during the 
1957 season. 

RESULTS. The average pear hte mperature was 
76.0°F before hydrocooling and 53.4° afterward. Wa- 
ter temperature during hydrocooling averaged 41.0 

During the 3-day holding period at 60°F, inoculated 
peaches hydrocooled in plain ice wate! developed 10% 
Rhizopus rot and 2° brown rot. When the hydrocool- 
ing solution contained Dowicide A, the respective de- 
cays were 5 and | During the 55° holding period, 


inoculated pear hes deve loped Ll Rhizopus rot atter 


hydrocooling in plain ice water, as compared with 3° 
after hydrocooling in a Dowicide A solution. No brown 
rot developed on peaches held at 55°, and neither de- 
ay developed on peaches held at 50° or lower 

After 3 days at 75°F, the percentage of brown rot in 
ino ulated pear hes hydrocooled in plain ice water was 
consistently less in fruit held at 40° than in fruit held 
at higher temperatures (Table 1). When the previous 
holding temperature was 40° or 45° Rhizopus rot was 
considerably lower than when higher holding tempera- 
tures were used. Percentage of reduction of both types 
of decay was usually high when Dowicide A was added 
to the hydrocooling solution. The percentage reduc- 
tion of both decays by Dowicide A was lowest when 
fruit was held at 60° previous to the 3 days at 75 

After 6 days at 75°F, the percentage of brown rot in 
inoculated peaches hydrocooled in plain ice water was 
not affected by the previous holding temperature 


Table 1). 


what lower when the previous holding temperature 


Rhizopus rot of such peaches was some- 


was 40° or 45° than when higher temperatures were 
used. Both decays were slightly reduced when Dowi- 


TABLE | Cumulative decay of peat hes hvdro ooled in tice water with and without Dowicide { held } days at various 


femperatures and subsequently held at 75 f 


Holding decay alter 


% decay decay after . decay 
Inoculation status and temperature } days at 75°! reduced by 6 days at 75°h reduced by 
type of decay (°F) lee water Dowicide A Dowicide A lee water Dowicide A Dowicide A 
Inoculated 
Brown rot KO) 39 7 83 84 62 26 
1S 35 16 7] 84 63 25 
50 64 ll 82 83 69 17 
5 8] 25 69 89 70 22 
60 i] 39 15 id 71 8 
Rhizopus 10 0) 26 19 71 19 32 
15 6] 5 13 67 VI 24 
50 77 7 33 84 63 26 
> 78 12 17 81 % +] 
60 84 64 4 86 73 15 
Not ino i l 
Both rots 10 13 j 73 18 vi 23 
15 21 } 62 ) 1] 18 
570 5] 10 67 8 15 22 
35 23 9 8 Ww 7 5] 
60 +4 23 52 54 i) un) 
LSD By “ I 5 13.0 13.5 165 16 ) 
] 17.9 17.9 21.8 21.8 
LSD Rhizopus 5 14.6 146 13.9 13.9 
] 19.3 19.3 18.5 18.5 
LSD Not ulated 5‘ 12.5 12.5 13.2 13.2 
1% 16.8 16.8 17.6 17.6 


Peaches were inoculated about 2 hours before being hydrocooled. 


ae 


a OP “Lore 


ms 





‘ 


“~~ 





ee 


cide \ was added to the irocooiing wate! 

Decay of unit late tru ufter 3 days at 75°F 
was lowest in pe eld previously at 40 ind 
highest in those f pre it OV \fter 6 days 
at 75 the pr sus e temperatures no longe 


affected the cde 


The average f ne the peaches is originally 
12.9 Ib. and | 1.5 or 4.7 lb., respectively, 
ifter 3 days at 40 r 60° 1 1 eplicatior 
the peaches were I f te > aavs at io 

DiscussION AND CO sioNs.—The present study 
shows the eff ilated t tempera 


tures on the subs ecay of peaches After 3 
days at 75°] pea ¢ sierred trol i simulated 
transit temperature { 40° had less brown or Rhizopus 
rot than those t { trom 60 This could be at 
tributed to the reduct ft the rowth rate of the 
pathogens \ f ( nes were at 40”: b the 
longer time ne Ki) than tor 
those held at 61 ) to te eratures titable for 
rapid iIntectior thie eater firmness peaches at 
the time of transfe ifter holding at 40 than 
after holdit f ne othe factor asso 
ciated with a t f ding period 

After 6 days al vercentage of brown ro 
in ineculated truit t the same in | lots re 
vardless of the ne temperature | 
dently a period i TT ture lid not educe the 
ability of the ! ithogen to decay peaches 
when subseque I erred to io () ! ormmer 
hand. deca i ‘ ) ted trut eld previous- 
ly il LO) ’ t il t ¢ held il 
higher s | ¢ \ = rot 
pe aches tie I - ‘ {) 
davs at ) ) Wil i 60 
holding tempe probable that Rhizo 
pus rot vill \ would 
shi lif t t " davs 
that | ( et 
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tion when the fruit was placed at 75° or while it was 


at low temperatures. The reduction of Rhizopus rot 


of peaches by a previous period of low temperature 
may therefore be due to some factor which has a last. 
ing effect on either the virulence of the pathogen or 
the 


Dowicide A has been reported to reduce both brown 


conditions for infection. 

and Rhizopus rot of peaches, either when applied as a 
postharvest spray (5) or when added to hydrocooling 
1. 3. 4). In the hydrocooling 
Dowi ide A in all 
Cases below that ot comparable pt aches hvdrocooled 
The 
treatment in reducing decay 


undoubtedly 


water present tests, 


| eaches in solution reduc ed decay 
fungicidal 


untreated 


effectiveness of a 


that of 


in plain ice water. 
below 
many tactors, 
Dowi ide A 


before trans- 


peaches is influenced by 


This study shows that decay reduction by 


was less when pear hes were held at 60 I 


fer to 75° than when they were held at lower tem- 
peratures, 
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SOME STUDIES IN THE USE OF I 
BOTRYTIS ROT IN TABLE ¢ 


K. E. Nelson. E. ( 


st 


Freshly harvested table grapes were irradiated in 
different 
After 3 and 9 days 


grapes dosed with 


2-Ib. consumer packages with doses of 
ionizing radiation (electrons). 
at 3-4°C. Thompson Seedless 
1<10° rep turned slightly brown and kad a faint 
“cooked” odor and flavor. At 8x10 


toms were more pronounced, and 


rep these svmp 
cracking 
Tokay 
and Emperor grapes, owing to the masking effect 
of the skin Thompson Seedless grapes 
that had been 6 weeks in cold storage before treat- 
injury irradiated 
10° rep. Shasta strawberries irradiated in 


berry 


was evident. Injury was less apparent in 


pigment 


ment showed some after being 
+} ) 
Witil < 


monolayers showed no injury at 210° rep; at 


y,RAPES 


ONIZING RADIATION TO CONTROL 
AND STRAWBERRIES! 


Maxie. and W. Eukel* 


MMARY 


bx 10° 
ance as well as a “cooked” odor and were off-flavor, 
and at 810° the berries exuded juice. Mycelial 
transfers of B. cinerea on grape-juice agar were 
and held at 3-4°C. 


\ dose of 1«10° delayed growth 5-7 days, 2> 10° 
resulted in slight 


their interiors had a water-soaked appear- 


irradiated with different doses. 


delayed growth 10-14 days, 4«10° 
growth, which stopped, and 810° prevented sub- 
x 105 


rep made no growth after transfer to unirradiated 


sequent growth, Cultures irradiated with 


media. The rate of spread of botrytis rot among 
grape berries and strawberries was markedly re- 
duced at doses of 110° and 210° rep. 





INTRODUS PION, » sterilize with ionizing 


Attempts t 
radiation date back to early researches on its bagterici 
dal properties (6). soon after Roentgen’s discovery of 


the X rav (7 


radioactivity (1) 


and Becquerel’s discovery of natural 
\ strong interest in applying irradi 


ation-sterilization to the preservation of foods began 


with the development of electron generators, in the 
early 1940°s. This interest was given impetus by the 
report of Brasch and Huber (3). which demonstrated 


the possibility of using such equipment 
Hannan (4 
volved in 


phasized that complete sterilization requires 


with foodstuffs 


has reviewed the technical problems in 


; 


irradiation-sterilization of oods. He em 
| 


doses tat 


evond the tolerance of most fruits and vegetables 
An alternative is to use low doses. with the objective 
of te orarily inhibiting the row if pathogens 
Beraha et al (2) demonstrated the significance of this 
lterna t l sing gamma rays they were able to 
show marked suppression of growl if several con 

I lecay organisms In infected fruits at doses that 


appeared to cause little or no apparent injury t 
These lit 


thre possibil 
shelf-life of fresh fruits with post 


ommodity results indicated 
of extending the 
est irradiation 


most 


promising appli itions of irradia 


i 

= held appeared to be in th ontrol of decay 
caused v Botrytis cinerea Pers. on table grapes and 
strawberries Not only is this fungus the primary 
cause of decay in these truits oF t it Is Impossible 

eradicate infections with chemical tungicides wi 

out injuring the fruit excessively The pene 
trati powel! gamma rays Is well Known i 
Bera i 2) demonstrated that these rays reac! 
decay organisms in areas of fruits not now accessible 


| 
kr oy Assistant P : Dey 
P Univers { Calif , 1) (} t 
Fle s and Operations. Apy R Corporation 


to chemicals. However. the use of gamma rays 


re- 


quires massive fixed installations to protect personnel 


The source of the ravs is usually spent fuel rods or 


Cobalt-60. If beta particles would effectively penetrate 


infected fruit and produce a fungicidal or even 


tungistati 


of radiation could have 


harvest treatment This treatment would have 


advantage of more 
Le... shorter exposure 
invested 

In this investigation bet 
termine: 1) 


rrapes and strawberries and the 


> | ’ 


-Vmptoms to dose level: a! the growth rate of 


culture after irradiation treatment 


neres 


n pure 


different dose levels and 3 the rate of spread 


a 


effect without fruit injury, then this type 
strong possibilities as a post- 
the 
flexibility and a higher dose rate, 
period, for comparable capital 


a parti les were used to de- 
symptoms of irradiation injury on table 


relationship of these 


B. 
at 
ot 


votrvtis rot from diseased to healthy fruit after various 


irradiation doses 
ARCO Model 


accelerator was used as 


\VIATERIALS AND METHODS An 


Mark | 


electron linear 


the 


source of radiation (Fig. | It was capable ol pro- 


ducing a 1.0-kw beam of 8 Mev electrons: 


however. the 


accelerator output was reduced to one sixth of capacity 


to permit accurate dose 


used, i.e.. about 2*10* rep pet 


range 


measurements at the low dose 


minute The 


onvevor was an aluminum turntable 4 ft. in diameter 
tating at 10 rpm. Combined errors of dose from 
itch to batch resulting from differences in 


time, 


iccelerator output, and position of the sample on the 


turntable did not exceed 4 


The dose was determined by a change 


? 


in Opti al 


density of cobalt glass as measured with a Bausch and 


Lomb colorimeter No 53-29-40 Estimated error 


colorimeter and glass combined was within 5‘ 


Only 


the central part of the beam was used, so that areal 


] 


iniformity of dose was kept within 10 


tion was negligible for the fungus culture in 


dishes, 


inittorm truit 


irt of the bean was used When 


Areal varia- 
Petri 
where only a traction of an inch ot the central 


was 
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Fig. I. Radiation facility. A) Over-all view of an ARCO Model 1 Mark 1 electron linear accelerator, showing operator 
adjusting beam scanning wit it the lower end of electron gun. B) Aluminum turntable in place unde1 ectron 
gun. Fruit passes repeated heam area (arrow). 
treated in monolayers less t 2 cm thick, the dose tion while permitting visibility and escape of water 


variation from top to bottor the berries did not ex- 


ceed +10°. Whe grapes were packed in 2-lb. con- 
sumer packages (642! the variation was 20 
25° tests the 


however. for the packages 


0/0 3 


bottom. which re 


were irradiated from both top and 


duced variation below 10 

Mature Tokay Emperor ind = girdled Thompson 
Seedless grapes and Shasta strawberries were used for 
the fruit tests. Smail grape clusters of 3-10 berries 
were packed in 2-lb. consumer packages for tests to 


' ; 


evaluate injury to stems and berries. In all other tests 
onolayers—the 


es and the 


the fruit was irradiate grape 


berries in glass stacking dis strawberries in 
1-lb. plastic baskets. Monolayered fruit was irradiated 
from the top only, 

In infected fruit studies ries were inoculated by 
sion of B. cinerea, and 


noist chamber at 20°¢ 


spraying with a conidial suspe1 
then incubated 24 hours in a 

Infected 
in closely packed monolayers 


healthy strawberries intermingled 
Infected Tokay 
vith healthy Emperor berries in 


monolayers so that each healthy 


and were 
berries 
were intermingled 


berry was in contact 


with two infected berries. Each stacking dish was 


nto itside contamina 


covered with acetate film to preve 


immediately after 
held at 


was cooled to 4°C€ 


All fruit 


irradiated 


vapor, 


packing, within 4 hours, and then 


4° C until evaluated. 

strawberries: O: 
The 
Ob- 


were used on 
10°; 210°: 410°: and 810° rep 


10 days at 5°C in open cups 


Six dose levels 
>xX10*; 1 
berries were held 
servations for injury symptoms were made daily. 


Pure cultures of B. cinerea used for fungus 


Three-mm disks of nonsporulat- 


were 


growth rate studies. 
ing Botrytis mycelium on agar were transferred to the 
center of Petri dishes containing 25 ml of grape-juice- 
at 20°C, 


held at 


The dishes were held 18 hours 


held } 


while being periodically 


agar media 


irradiated. hours at 20°C. and then 


54°C measured. 


EXPERIMENTAL RESULTS.—/njur) fruit. 

The irradiated in 
evaluated for injury on the third and ninth days afte 
(Table 1). 
showed no symptoms of injury at dose levels of 2><10° 
The 


pedicels were slightly brown; the laterals and main 


symptoms or 


grapes consumer packages were 


treatment The Thompson Seedless berries 


rep and lower, both on the third and ninth days. 


stems appeared unaffected. The berries and stems of 


the 410° rep lot showed distinct symptoms of injury 
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Taste 1—The effect of radiation (electrons) on the ap- 
arance and flavor or Thompson Se ed P&S and Tokay 
rapes held at 34°C after treatment 


Variety Days following treatment 
nd ; 9 
Dose Berries Stems Berries Stems 


lhompsor Seedless 
None Ni N¢ Nt S|IBr 
510° re N¢ N¢ Ni SIBr 
110° rep \¢ NC N¢ SIBr 
10° rey NC S|Br Né SIB1 


j | rey Si Br ModBr 50 Br AllBr 


S1Cr SIC 
SICOAR 
AIBr MoBr AlBr AlIB: 
25% C1 5() Cr 
CORI 


Nor N\¢ N\¢ N¢ SIBr 
5 ( \C NC N¢ SIBr 
110° rey N¢ N¢ Nf S1Br 
10° rer N¢ N¢ Ni S|IBr 

N\¢ Modb: SIBr MoBr 


SICORI 
( | SI Br ModBr ModBi Al Br 
SICOKI 

No discernible change in appearance or flavor at all 
dose levels immediately after treatment. 

NC. no change; SIBr, slight browning; ModBr, moderate 
browning: SlCr, slight cracking: MobBr, mostly brown; 
COX ooked odor and flavor; AllBr, all brown. 
on the third day. which were more pronounced on the 
nint! The fruit of the 810° rep lot was very brown 
with a distinet cooked odor and flavor. Cracking was 
very pronounced. 


There were no symptoms of injury on Tokay grapes 
treated with 210° rep. Even fruit treated with 410 
rep showed no injury on the third day However, the 
typical brown, cooked injury symptoms were evident 
on the ninth day: in the 810° rep lot they were very 


pronounced on both days. No cracking was noted in 


this 1et 

lt appears that the pigment of Tokay grapes tends 
to mask symptoms of injury (Fig. 2). Typical berries 
iro the loregoing tests were photographed on. the 
fourteenth day after treatment. They had appeared 
the same as on the ninth day. The unpigmented Tokays 
B ind Thompson Seedless perries | \) show the 


same injury response; the heavily pigmented Tokay 
berries (( manifest no response although the cooked 
flavor ind odor was present in fruit treated with 
1x10" rep 

In later tests, Thompson Seedless grapes that, be 
tore treatment, had been 6 weeks in storage showed 
browning symptoms at the 210° rep level 1 week 
atter treatment, indicating that the fruit becomes more 
susceptible to injury as it ages. In contrast, unstored 
Emperor berries showed no injury at all from dose 
levels up to and including 510° rep. However, the 
stems showed injury from 410° rep 


Immediately after irradiation. ie Shasta straw 


berries that had ree eived 8 10 rep exuded minute 











None 2x10° 4xi0° —8xl0° 


Fig. 2. Radiation injury symptoms on table grapes 14 
days after treatment and held at 3°¢ 4) Thompson Seed 
less berries treated with: no radiation, 210° rep, 410 
rep, and 810° rep, respectively. B) Tokay berries, with 
practically no pigment, treated likewise. C) Heavily pig 
nented Tokay berries treated in the same manner 


red droplets of juice. The interior of the berries had 


brownish, water-soaked appearance. The 410° lots 
showed no surface exudate, but had internal symptoms 
similar to those observed in the 810° lots. Both lots 
had a “cooked” odor and a very pronounced off-flavor 
No evidence of physical injury, off-flavor, or odor was 
noted in lots subjected to 2*10° rep or less, which is 
in agreement with the findings of Beraha et al (2). 
All lots showed no further changes for 4 days. On the 
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AYS AFTER RADIATION TREATMENT 


Fig. 3. The effect of ionizing radiation (electrons) on 
the subsequent growth of Botrytis cinerea in pure culture 
at 34° 
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the 8 II lot 


fifth d vy. 
The red pigments were 
soaked appearance \t 


bleaching of red pigments 


lots. though these berric 


symptoms were noted at any 


210° or less, and ther 
or odors. However 
tests would be necessary 
of flavor and texture 
Irradiation eff 

culture.—The diamet 
B. cinered was deter 

32 davs. The avera 


dose level ire show! 
a constant 


the Pet 
Cultures irradiated 


grew al 


sides of 


preciably more slow] 
nearly as rapidly as 


z } 
irradiated with 


days. stopped 
was resumed. al Dy the 
the same rate of growtl 


Cultures irradiated with 4 
growth for about 


resume growth ( 


diated with & 10 rep 


affected 
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14 days at 3 } ( 





lay ifter radiation treatment and held at 3 C. A) No radiation treatment: B) 1 10 
ep: E) 810° rep: F) 1210° rep. 
ipsed into soge Hlasses, 
ed out. leaving a water 
1 of 10 davs. extensive 
d occurred in the 4 10 
collapse No injury 
me in the lots receiving 
no detectable off flavors 100F a 
sumer-acceptance taste Z yy 
Ss 4 A 
etermine the relationship eS 4 ALL, 
1, = ¢ * 
level > 80h VI//) V V = 
; B 3 Vat 4 | 
( } cinerea nm pure Y ; 
' i ec a YF “3 a / a 4 ie 
rradiated cultures of we Gf ff4 47) 
pis 7 V A VS // V Vy, 
suit 2-day intervals for q Z ; Z 4 LY q 
( % 60 1) /, ‘ 4 A / LLL %& 
of 5 cultures at each & Uy, GH y j é 4 
a YA / 4 AA J 
Lnirradiated cultures ww r “, “7, y 4 An 
3 ; UY ‘ VA 
he edges a yproache { the A V// j % “fy 
PI ‘ a | 40F V4, VY Y/ j V4. - 
thout the sixteenth day tad Dh, , A Af, 
5S / /, 4 A r 4 Yj 
ep howevel! grew ap vw a GZ VY 4] iY $ G ‘A 4 
vs Z ALA Yi) 4 
lavs and thereafter grew _ V/A) VY//} VIA/) f J, fp, 
= 20-7 V/A) oo, VA//, 4 
ted cultures Cultures — / hy , / 1 
GZ Ar GY 7 / / A 
rew verv slowly for 1] Lv 4 “ify Sy 4 // V//, 
$ Jy YA // A Af F q 4 
ae | ia “Af VASA, fe YS / 
ee day. when growth GY GF OSS J V y 
} hhdhde < (LLg “4 “Z ; 
cor aay re; ie 
. : ; ; NONE x10” 2x105 = 3n105 = 4x05 $2108 
it of unirradiates ots 
, RADIATION TREATMENT (rep) 
ep showed very slight . re 
' yo eee Fig. 5. Irradiating healthy and Botrytis-affected grape 
stopped iné ai 1O : 
PI berries in contact; proportion of healthy berries still un 
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showed no growth after treatment. 

Density of the mycelium was likewise inversely cor- 
related with dose. This is apparent in Fig. 4. a photo 
graph of representative cultures the eleventh day after 
treatment The dense center of each culture is the 
original transfer disk. In both area and density, the 
amount of mycelial growth from the center disk is 
progressively less with greater doses. The small 
amount of mycelium around the central disk in the 
cultures irradiated at 810° and 1210° rep denotes 
the growth made between time of the transfer and 
time of treatment. 

On the thirty-second day, mass transfers were made 
from the cultures to sterile unirradiated media. No 
viable transfers were secured from the cultures ir- 
radiated at 410° rep or more. All other transfers 
grew normally and at the same rate. 

Effect of irradiation on rate of contact infection be 
tween fruits—The number of botrytis-affected Em 
peror berries in the stacking dishes was determined on 
the fourteenth day after treatment. The proportion 
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still unaffected at each dose level (average of 4 dishes) 
is shown in Fig. 5. It is apparent that a dose of 110° 
rep markedly retarded the rate of contact infection, 
and that doses above 210° gave very little additional 
benefit. 

The extent of signs of the fungus on the originally 
infected Tokay berries was inversely related to the 
dose (Fig. 6), particularly in the lower dose range. 
The mycelial ridges almost enveloped the infected 
berries (Fig. 6-AC), whereas in the higher ranges the 
fungus had made little to no progress by the fourteenth 
day (Fig. 6-BFG). 

The untreated’ strawberries showed extensive 
Botrytis growth by the tenth day. There was extensive 
spreading of mold from laboratory-infected to sound 
berries. Many berries not in contact with infected 
berries were covered with mold, apparently from field 
infections. The 5x10* lot showed little mycelial 
growth, but the fungus sporulated profusely. There 
was no evidence of mold growth in either the 1105 
and 210° lot. The laboratory-infected berries had a 


Fig. 6. A-B) Acetate-film-covered stacking dishes containing healthy and botrytis-affected grape berries in contact 


after 14 davs at 3-4°C: A) No initial radiation treatment: 
fected at time of radiation treatment, held at 3-4°C, and photographed 14 days later: C) no radiation; D) 1 10° 


rep; E) 210° rep: F) 310° rep; G) 410° rep 


B) initially irradiated with 410° rep. C-G) _ berries in- 


a 


fue 


. 


e +; ke 








mummied ipp | wa no ¢ lence ol 
transfer of mold fr ! ted to adjacent berries 

DISCUSSION H il } co luSsIO! that decay 
control is not pract i | ts and vegetables by 
sterilization is supporte e results of this investi 
gation with rape | erries intected with Bb 
cinerea Howe ver. there ( : to be a range ot doses 
that has marked rect nout producing 
apparent injury ( If ire temporary but of 
sufficient mag de | tion to offer possibilities 
of increasing the post life of the fruit. If an 
arbitrary level « f 50 m s chosen. it is 
evident in Fig > I t t treated with | lO rep 
required nearly twice to reac this level as 
did those not treated nd iiture treated wilt 2 10 
that, at these levels 0 xe the dose trol | LO 
to 2« 10° rep eal | ed the period of ng 
static effect 

It appears that ind electro it the 
same rep dose ef static and 
fungicidal actior rt 2 ising gamma rays 
irradiated pes inoculate th B. ciner ind found 
that the fungistat eflect is Inversely proporti nal 
to the dose in the 10? to 310° rep \t 
doses of 510° re o rot developed within 
10 days of treatment f ibation temperature was 
not rey orted ) l) e pre t study, tungistatic actior 
was evident at | 10) ! U0" rep Fig ) Unfor 
tunately, cultures wet reated with 510" and 


310° rep \ dose t @ rep was ap 


| 
fungicidal. since owtl fopped atter treatme t il 
transters to fresh media e not viabl 
| le trons have poor penet ting powe n co irl 
son with gamma ra\ lehciency could be serious 
in irradiating whole | f fruit. At 12.2 Mev 
the received dose drops off t in water at depth 
of 4.25 em % Hoy radiating tror hoth 
top and bottom the dept e increased to 8. em 
and still keep dose riat thin 10 This depth 
is greater than that of skets of strawberries or 2-lb 
consumer units of gra ossible to irradiate 
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of package with this energy, assuming that 


electron dose drops off with depth in these fruits at 


about the 


same rate that it does in water. Dose would 


vary much more from fruit to fruit and from one part 


a fruit 


to another than it would in water. because 


air voids between the berries 
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is those observed on plants in 


nosti 
sfoot trefoil (Lotus corniculatus) are 


d drooping of stem tips, 
affected 


ntly 


FUSARIUM BLIGHT 


OF 


BIRDSFOOT TREFOIL! 


Richard E. Ford 


SUMMARY 


blight 
bleach 
followed by death of 
was isolated 


symptoms of a leaf and stem 


Fusarium 
from plants showing these symptoms 
leaf plants inoculated 


roseum 


shoots. 


lor a scorch, with 


iltures of this fungus produced symptoms the 


im isolated 


the field. F. 


was reisolated from each plant infected un 


trolled conditions. Narragansett and Du- 
falfa (Wedicago sativa) and Pennscott red 
Trifolium pratense) were inoculated with 


Necroti 


L. corniculatus and L. corniculatus var. japonicus 


seedlings 1-3 weeks old were not sus« eptible to a 
rot caused by F. 3 related 


species (L. arenarius, L. and L. maroc- 


root roseum; however, 


divaricatus, 


anus} exhibited severe root rot 3 weeks after trans- 


plantation into steam-sterilized soil infested with 
F. roseum, Optimum temperature lor disease de- 
velopment on birdsfoot trefoil foliage at 100% 
relative humidity was near 82°F. Free water was 
required on the foliage for at least 10 hours for 


Cultures fragmented in 


a blender were more infective than suspensions of 


severe disease to develop. 





from birdsfoot trefoil 
= formed on the leaves of each plant and F. about 13 spores per 470 field of the microscope. 
is reisolated. In addition to L. cornicu Wounding at inoculation resulted in increased dis- 
6 other Lotus spp. were found sus eptible ease severity. but was not essential to ingress 
LON Birdsfoot trefoil Lotus cornicula shoots to the crowns of the plants, whereas in others it 
- relatively free from foliage diseases, espe became arrested, and only stem tips dried and collapsed. 
compared with such crops as alfalfa \ general characteristic of this blight was the droop- 
sativa L.) and red clover (Trifolium repens ing of the apices of all blighted stems (Fig. 1-A). 
f which has at least 1 or 2 diseases that These symptoms were observed in seedling stands or 
reciable annual losses (17 Although sey in 2-5-year-old stands in 5 widely separated counties 
- fungi have been reported on birdsfoot in New York during July and August of 1957 
( copper spot, caused by Stemphylium Joti Symptoms observed were suggestive of the foliage 
- apparently the only serious foliage diseas blight caused by Rhizoctonia solani Kuehn, which has 
lant in the United States. Crop losses, how been destructive in the southeastern United States (1, 
ever been estimated at more than 3°, (16 2. 3. 4) and in lowa (5, 6, 7). Rhizoctonia blight ap- 
ised use of birdsfoot trefoil presupposes an — pears to be most destructive on established stands (1), 
the importance of diseases of that crop ind leaves of big trefoil (Lotus uliginosus Schkuhr) 
surprising, therefore, that a stem and leaf ire killed long before there is noticeable stem injury 
-t observed in New York during the summe (21). Moreover. sclerotia of R. solani are frequently 
irently has not been described previously found on plants blighted by that fungus (2). The 
i preliminary report (10) on the work blight reported here is especially severe in seedling 
erein. This paper reports the results I stands. and often affects stems before it affects leaves: 
the symptoms of this disease and_ the further. no sclerotia could be found on diseased plants. 
t if the causal agent For these reasons. this blight was considered to be 
apo distinct from Rhizoctonia blight, and studies were 
mis.—In the summer of 1957. a few blighted 


i 


ble iched dark 


cround of 


the 
af edlings Ith 
Th 


op lwo] 
p *e-] 


tan stood out against 


vigorously Srowing 
birdsfoot trefoil near Ithaca. N. Y. 
light varied. 
1] 


is Dlig 


In some pl ints the 


hted: in others. the whole sten 


d. A few plants that showed apical yellow 


irked, and later observations confirmed 
ght had begun as an apical yellowing, fol 
i bleaching of blighted tissues. In some 
ty oht progressed iror thie apices ol 
publication March 9, 1959 
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made to determine its etiology 


ROSEU M. 
hirdsfoot 


FLSARIU™M 
blight of 


Samples of diseased tissues from 79 plants 


ENICITY O} 
with 


PROOF OF PATHOS 


Isolation of fungi associated 
tretoil 
were collected. Small sections of blighted or yellowed 
stems and leaves were surface-sterilized by immersion 


ee 


1) Clorox (5.25 sodium hypo- 


in at ¢ commer ial 
chlorite } 1-3 
placed on hardened 2% 
107 Petri dishes 
icidified by 50% lactic 
drop per dish. In the that 
ciated with blight of birdsfoot trefoil might not grow 
readily from diseased tissue onto PDA, 10 dishes each 


minutes, Five to 7 sections were 
PDA (potato-dextrose agar )* 
The culture medium was 
rate of | 


the organism asso- 


for 


in each of 


adding acid at the 


event 


cooked potatoes, 20 « dextrose, 


Supernatant from 200 
ir. and distilled water to make a total volume 


20 g agar ag 


of ] 


liter. 
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Fig. I. A)Ste iT P f Lotu 
celium of Fusarium 1 blighted leaves of Lotus corr 
continueus light of 250 ft nactl ber key 
of corn-meal agar oatme igar.* and Lima-bean 
agar’ were used as culture edia in the first series 


of isolations 


Fusarium roseur k emend. Snyd. & Hans rew 
from 179 tissue sections in 65 shes: transfers were 
made and the fungus was grown in pure culture 
This fungus de elop 1 tre t owed as well as from 
blighted tissues nd rew vell on PDA = on 
any of the other med ed \ {/ternaria sp. was 
isolated Irequenttly mi [ ohted tissue ly 
other experiments t vent {f/ternaria sp 
indistinguishable fi 1 been frequently found 
to be associated wit ‘ ted by Stemphyliun 


loti \ Rhi octor - . -olated row the crown 


Twenty g cor! 


i = f Wa 
to make a total volu 
‘Supernatant tr ( 20 ¢ agal ir, and 
distilled water to n kK f e ot iter 
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Left, diseased 


shoot: right, 


inoculation, This 


R.H, 


alter 
LOO” 


) 
<- dav- 


na at 


of an old plant and from 4 blighted stem or leaf so 
tions. Because the Alternaria sp. is probably non 
| ith: ent ind bye aust the Rhi octontia sp. Was © ly 
rarely isolated. it appeared that F roseum was the 
primary causal agent of blight of birdsfoot trefoil 
Nevertheless. each of these fungi was grown in pure 


culture and was used in pathogenicity tests 


ict strains of F. were isolated from 


its of birdsfoot trefoil 


Iwo distir roseun 


blighted she 


One of these here 


in termed the red strain. was characterized by the 
preduction of a dark pink to red pigment in the my- 
celium and or spore masses. and by an appressed 
habit of growth: the other strain, termed the brown 
strain, produced a brown pigment in the mycelium 
ind produced more aerial mycelium than the red one. 


brown 


never observed in cultures of the 


b irther micro onidia were produced by the 
t 


strain. but these were 


red strain 

Inoculation of birdsfoot trefoil and other plants with 
roseum and other fungi.—Inocula were pre- 
l-week-old PDA that had 


laboratory at about 70°F. Each inoculum 


Petri dish 


Fusarium 


pared from cultures been 


kept in the 


was prepared by mixing 1 culture with 
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grown Empire and Viking birdsfoot tref 
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In | experiment. inoculated plants 


78°F 100 RH f 


2 other tests. inoculated plants were key 


tion. 


a chamber at 70 and 


During this time. plants received about 2 


nation co tinuously Pwo days atter Wf 


plants were moved to the greenhoust Ww 


perature range w ra 7 seventy 
used in » X pe Tl 


Sten and l¢ il blight 


served in the fhe ld deve lope 1 on birdstoot 


} days ifter they iad been ino ul ited WwW 
regardless of which strain of the fungus 
is inocul The red strain or the | 

this fungus was reisolated from every 

that had bee noculated No organisn 
solate 1 if oTreel tissues of Ino ul ited 
ease was more severe and developed mo 
plants ihated at 82°F than at 74 


cle veloped on plant 
1-B In 


both str 


ni her temperature Fig 


| 
inder controlled conditions, 


ised a f scorch besides the cha 
ind drooping of shoots. The scorch syn 
i part of the syndrome observed in tl 
hecause RH is at 100 continu 
following inoculation 


deve lope d on any 
tl 


" 
had hee lated with an Alte 
Rhizoctonia sp. These tests provide 
] +} + 

oseum is the causal agent of the sten 
bserved The Rhizoctonia sp. studie 
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or 2 days: in 
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50 ft-e illumi 


oculation the 
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ne plants were 
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On red clover, however. there were many 


small leaf lesions and little stem blight. These results 


differ from those reported earlier (18). in which F. 
sseum caused stem lesions on red clover, but, ap- 
arently, not leaf spots. There were no clear-cut dif- 


in the susceptibility of Lotus although 


spp.. 


plants of 1 Danish line and those of 1 line of the Em 
pire variety of L. corniculatus were much less severely 
affected than were all other lines tested 

Because F. roseum and other species of Fusarium 


are Known to cause root forage legumes (8, 11, 


12, 13, 14, 19), an 


the pathogenicity ot the 


rots in 
experiment 
red 


was performed to test 
strains of F. 


Steam-sterilized soil was 


ind brown 


le sted Dy idding lragmented myce lium and spores ot 


he fungus at the rate of 1 Petri-dish culture per 110 

f soil. One- to 3-week-old seedlings of L. cornicu 
atus var. japonicus, L. corniculatus var. Viking. L. 
enarius, L. divaricatus, and L. maroccanus were 


transplanted to infested soil and to uninfested steam 


sterilized soil. 
P 


planted to soil that 


Fight plants of each species were trans 
the 
plant ot 


infested with either 


had been 


red or the brown str: ind | 


, 


soil 
itter 


uninfested 


ved for 19 days 


symptoms 


were 





Fig. 2. Plants of Lotus maroccanu Right, plant that 
id ft n transplanted 19 da eariier nto soil infested 
with Fusarium roseur elt, | nt that had been trans 
nted into uninfested I da earlier \ seedlings 











ABA 

i! insplanti Oo plants 
were then obse 2 ction occurred plants 
of L. corniculat ri] orl i/atus var. 
Viking. but root é pecies tested were 


dise 


severe ly 


plants were ss f ! ected seedlings died 
within 10 days afte et transplanted into 
infested soil. No dise ped in plants grown 
In unintested 

These result I ed to be pl f that F. 
roseum is the | i! il igent ot the blight of 
birdsfoot tref lest re Although F. roseun 
ittacked the leave: ol lfalfa, red clover, 
and Lotus spp ind ed root rot of o species ol 
Lotus. thie stra I I utile stems nd 
leaves ippare | portant contributors to 
root rots of J 

SOM FACTORS \ .f \ ON O} Dis 


LAS} 
known to » plants u 
(9 Altheo ! ents. the tungus 


was 
‘ ipable ol ! l I yrdstoot trefoil in the 
absence of Vas thought wounding 
plants before oht facilitate ress In 


t 61 t VOU ed n 


l experimer 


punctures oF i] ot ste ind leaves 
These and 6 cor I e | inwounded plants were 
inoculated wit suspe on of fragmented mycelium 
and spores of / 1 kept 2 days at 82°F and 
LOO RH. Plants t for 8 more days in a 
greenhouse at 66—7 lwo u oculated control] 
plants were incl ed Diseas everitv was 
rated 10 days after in tol trom 0 for no disease 
to 10 for plant de ! the disease In this experi 
ment. disease w cle to severe o ll inoculated 
plants. Avera rat yvounded and unwounded 
plants were 6.2 | ectively: the difference 
was statistically signif t the | level 

Preinoculation wo | it test plants probably 
inere rsed the ! el rect ! loc} viving rise to 
more severe disease tl wounded plants. Wound- 
Ing was certainiy rt ! tor niectior however. 
ind was not é te 


from birdsfoot trefo ted protusely in culture 
it seemed desirab! I e @ nfiectivitvy of a 
spore suspel xture of spores and 
lragmente | ny ~ suspensions were made 
by adding al ed distilled water t 
each of 6 Pet dil elms wk Gi 
fungus ind : riace ile colony 
with a sp ~ S10 vere strained 
through cheese \ s of el could 
be observed spore mcentration 
was such that I t served in 
the 470 eld Fra ted cultures 
were prepare i \I os eX 
amin 0 if ‘ iined 
about the i { is did 
the spore Four rdsfoot 
tre pl 1, and 
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Dis. 


d as described in the preceding section 
recorded . 8. 


ease severity data were and 10 days 
after inoculation. 

Plants inoculated with a mixture of spores and 
mycelium were always more severely diseased than 
those inoculated with a spore suspension. Because 
spore concentrations were about the same in both 


fragments of mycelium probably were infee- 


tive \ and fragmented mycelium 
used 


nperature. 


mixture of 


spores 


experiments reported herein. 
blight of birdsfoot trefoil 
was most severe in the Ithaca area during warm. wet 


the 1957, 


in all other 
Fusarium 
summer. In 


periods in for example. mean 


maximum and minimum temperatures were 79°F and 


6° F for the 30 days pre eding the outbreak of the 
disease Further. rain had fallen on 17 of those days, 
During the 8-day period ending 10 days before the 
disease was first observed, the average maximum tem- 


perature was 82°F. and rain had fallen on 7 of those 


' 

days. The minimum temperature during that time, 
never lower than 57°F, averaged about 62°F. As re- 
ported above, disease developed more rapidly and be- 
came more serious in plants kept for 2 days after 


inoculation at 80-84°F than in plants kept at 70—78°F. 
In a separate experiment. 6 plants were inoculated as 
ind kept moist chamber at 90°F, 
78°F. 


symptoms 


2 days in a 


etore 


and then in a greenhouse at 66 Oniv 2 of these 


plants became diseased, and were a tew 

spots on several leaves of each plant. 

F. roseum was isolated these spots. It 

that 80-84°F favors Fusarium blight of 

trefoil than does 70—-78°F or 90°F. 
The influence of temperature on the growth of the 

red and culture 

9 


determ ned in 2 


small necrotic 
from appears 
birdsfoot 
more 
roseum in was 


brown strains of F., 


experiments. In one experiment, 30 


ml of potato dextrose broth” in ea¢ h 125-ml Erlen- 
mever flask used was infested with a 3-mm-diameter 
disk of mycelium. and PDA taken from the margin of 


of the 2 
each tem- 


Three flasks infested with each 


strains of the fungus were kept 9Y davs at 


1 colony 


perature Temperatures ranged from 37.4°F (3°C) 
to 92.3 | 33.5°C). at intervals of about 5.4°F (3°C). 
The mount of growth was determined by dry-weight 
measurements (15). In a= second experiment, pro- 
cedures were the same except that solidified PDA in 


ind growth of the fungus 


5 d ivs by 


Petri dishes was infested. 


was determined after measuring the diame- 


ters ol colonies ds well as medsuring dry weight. In 


these experiments, growth occurred at 42.8°F (6°C), 
but not at 37.4°F (3°¢ On the 
growl was optimum at 77.2°F (24°C 
PDA growth was optimum at 
whether determined by dry weight or by 
92.3°F | 


temperatures 


liquid medium. 
on solidified 


296°R (27°Ci. 


however. 
linear growth. 


33.5°C) as at 
ibove 65 F 


‘reat at 


ihout 68° Zot). - A 


(,rowth was about as 


1s°¢ the drv weight of the brown strain increased 
more ! ipidly than did that of the red strain. un- 
*>Climatological data for Ithaca, N. Y., 1958. U. S. 


Weat Bureau. Dept ot Commerce 
Supernatant from 200 g cooked 20 g dextrose, 


ind distilled water to make a total volume o l liter. 
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doubtedly because at the abundant aerial rn veel in 
produced by the brown strain. Rates of increases in 
diameter of colonies, however, were about the same, 
regardless of strain. 

The optimum temperature for growth of F. roseum 
in culture is near the temperature that is most favor 
able for initiation of infection, but the fungus grows 
well in culture at 92.3°F, a temperature at which little 

| 


or no disease develops. Temperature probably influ- 


ences initiation of disease through its effects on sus- 


ceptible plants and the pathogen or through its effects 
on their interactions, and not so much through its 
effects on growth of the pathogen alone. 


Voisture.—Fusarium blight on field-grown plants 


ndicating tha 


was most severe during wet weather 
moisture in the infection court might be essential to 
the initiation of infection. An experiment was _ per- 
formed to determine the lowest RH it which intection 
would tane place 

Plants inoculated with suspensions of fragmented 
mycelium and spores were kept 2 days at 82° F——25 
plants at 97-99°7 RH and 25 at 90 RH. At the 
higher humidity, moisture resulting from the inocula- 
tion evaporated completely from leaves in 10 hours: at 


the lower humiditv inoculated foliage remained wet 


for 3 hours. but was dry in 6 hours [wo days after 
inoculation, 


66-78 I 


il] plants were moved to a greenhouse at 


No syn ptoms deve loped on plants incubated at 90 
RH, nor could any fungus be reisolated from inocu- 
lated tissues Small discrete lesions developed on 
inoculated leaves of plants incubated at 97—99 RH: 
F. roseum was reisolated from several of these lesions 
These results indicate that a wet period greater than 
6 hours following inoculation is essential to infec 


tion. The fact that infection was only light on foliage 


| } 4 ] 
Kept wet to! less than 10 hours indicates that disease 


will probably not be severe unless t 


ere 1s moisture In 
the infection court for more than 10 hours following 


inoculation. 


Discussion \ Fusarium sp. has beer reported to 
cause a “wilt (7)” of birdsfoot trefoil in New York 
20 The strains of F. roseum isolated from blighted 


stems and leaves of birdsfoot trefoil certainly do not 
cause a vascular wilt. although they are capable of 
rotting the roots of Lotus spp. other than L. cornicula 
tus. No published details of Fusarium “wilt” of birds 
foot trefoil have been found. This disease was reported 
to the Plant Disease Survey by M. | Barrus !° in 
August of 1942. The weather data fer July 17-24. 
1942 from Sullivan County. the area in which the dis 
ease was observed, indicate that conditions were simi 


lar to those that occurred in Ithaca during the summer 


~ Correspondence with J. A. Stevenson, Principal My 
cologist in Charge of the I S. D. A. Mycology and Plant 


Disease Reporting Section. The note on the report read 


ns sent by County Agent who said that the plants 


ilong the edge of fields wilted badly but later reported that 


alter cutting, the new growth did not appear to be affected. 
An undetermined species of Fusarium was isolated fron 
myceliu found growing on outside of v < 
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of 1957. This suggests that the “wilt” reported earlier 
might have been identical to the stem blight re ported 
here Available data are insufhcient, however, for 


drawing any conclusions on this point. 


Because Fusarium blight of birdsfoot trefoil is 
favored by warm wet weather, it might be expected to 
be prevalent in the southern United States. The most 
likely explanation why Fusarium blight has not been 
reported from areas of climate warmer than New York 
is that Rhizoctonia solani is so prevalent in such areas 
that the disease it causes would be more noticeable 
than Fusarium blight. 


Krom observational data taken in the field and from 
experimental data, it is clear that Fusarium blight of 
birdsfeot trefoil will be most severe during warm 


weather (80-84°F 


and wet periods sufficiently long 
© account for moist infection courts for several hours 
The lack of reports indicates that the disease has 
occurred rarely, if at all, in New York in the past, 
ind that it probably will not often develop in epi 


proportions. Special environmental conditions 


2 


necessary tor development of the disease occur from 
time to time in the field in New York, but temperatures 
high enough for optimum disease development are not 
often long enough or accompanied by wet periods 
sufficiently long to account for extensive development 


of the disease. 
DEPARTMENT OF PLANT PATHOLOGY 


CORNELL UNIVERSITY 
IrHaca, New YorK 


LITERATURE CITED 


l. Aruison, J. I 1950. Pasture and forage legume and 
erass diseases in North Carolina in 1949, Plant 
Disease Rept: 34: 205. 


2. Apuson, J. L. 1951. Rhizoctonia blight of forage 
legumes and grasses. Plant Disease Reptr. 35: 372- 
373 


Atuison, J. L. 1952. Rhizoctonia solani, a foliage path- 
ogen of forage legumes and grasses in southeastern 
United States. (Abstr.) Phytopathology 42: 281. 

1. Arxins. J. G.. Jn. 1952. Forage crop Rhizoctonia cross 
inoculation tests. (Abstr.) Phytopathology 42: 282. 

>. Baxter, J. W 1955. Diseases of forage legumes in 
lowa in 1954 Plant Disease Reptr. 39: 259. 

6. Baxter. J. W. 1956. Forage legume diseases in lowa 
in 1955. Plant Disease Reptr. 40: 217-218. 

7. Crate, J. M. 1950. Diseases of forage legumes in 
lowa in 1949. Plant Disease Reptr. 34: 191-192. 

6. CRALI J M 1951. Wilt of red clover seedlings 
Abstr.) Phytopathology 41: 7. 

9, Dimock, A. W., ano K. F. Baker. 1951. Effect of cli 
mate on disease development, injuriousness, and 
fungicidal control, as exemplified by snapdragon 
rust. Phytopathology 41: 536-552. 

10. Foro. R. E. 1950. Stem and leaf blight of birdsfoot 
trefoil caused by Fusarium roseum. (Abstr.) Phyto 
pathology 49: 227. 

11. Fuerron, N. D., anp E. W. Hanson. 1954. Pathogeni 
citv of fungi isolated from diseased red clover roots 
in Wisconsin. (Abstr.) Phytopathology 44: 489 

12. Kitpatrick, R. A.. ann E. W. Hanson. 1951. Relative 
prevalence of fungi associated with root and crown 
rots of red clover in Wisconsin. (Abstr.) Phyto- 
pathology 41: 21 

13. Kiipatricx, R. A.. E. W. Hanson, ano J. G. Dickson. 
1954. Root and crown rots of red clover in Wiscon 














PHYTOPATHOLOLY 


Vol. 49 


forage crops before the first harvest of hay in New 
York, 1956. Plant Disease Reptr. 40: 807-809. 
18. Serey, A. D., ano T. F. Manns. 1909. Studies in 


diseases of cereals and grasses. Ohio Agr. Expt. Sta, 


Bull, 203. p. 224. 


9 Srakman, E, C. 1922. Diseases of cereal and forage 
crops in the U. S. in 1921. Plant Disease Reptr, 
Suppl. 21. p. 245. 

20. Weiss, F.. ann Murter J. O'Brien. 1952. Index of 
plant diseases in the United States. The Plant 
Disease Survey, Bureau of Plant Industry, U. §, 
Dept. of Agr., Beltsville, Md. p. 618-619. 


Diseases of big trefoil in Georgia. 


521. 


21. Werrs, H. D. 1953. 
Plant Disease Reptr. 37: 


TO DOWNY MILDEW 


S. Z. Berry * 


and structure of the bloom and epidermis, stomate 
number and size, water deposit on the plants, and 


the contact angle. Once infection was initiated in 


13-53. mycelial growth was less than in any of the 
other 11 onion strains studied. This inhibition was 


greater in the seedstalks than in the foliage of 13- 
53. Other than a slower rate of growth of the patho. 
13-53 
vs. 2215. histologic changes of the host and develop- 
ment of the pathogen during infection could not be 
related to The 
into 2 interacting factors. 


gen in the tissue of leaves and seedstalks of 


resistance resolved 
The first was the external 


resistance level expressed by the spore load neces- 


resistance. was 


sary for infection, which could be manipulated by 
varying the inoculation conditions. The second was 
a factor that inhibited the pathogen following the 


establishment of infection. 





Calred, which has moderate foliage resistance and high 
The source of this resistance was 
Dr. H. A. the 
which were only slightly injured under the most severe 
The seedstalks of this 
conditions of field 


seedstalk resistance. 


13-53. a selection by Jones, leaves of 


epiphytotic conditions. strain 


under the most extreme infection 
were apparently immune. 

MATERIALS AND METHODs.-Uniform inoculum for 
these experiments was secured by utilizing sporangio- 
spores of P. destructor produced 18 days after inocula- 
tion. this period having been found long enough for 
sporulation when humidity is sufficiently high. Because 
this pathogen will sporulate only after exposure to 
light. the infected plants were placed in the moisture 
chamber in the evening at 5:00 p.m. and the pathogen 
allowed to sporulate. Spores were collected from the 
plants in the moisture chamber the day before being 
Because necrosis of the host grad- 

the 
transferred to healthy plants about every 
inoculum of P. destructor 
was obtained from Dr. C. E. 


California. Berkeley. 


used as inoculum. 


ually develops after sporulation. pathogen was 


The 
used in this study 


of 


} weeks. 
or iginal 


Yarwood. University 
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RESISTANCE OF ONION 
StUMMARY 
Resistance to P estructor in the onion 
strain 13-53 was compared with that in susceptible 
2215 and 10 other susceptible strains and varieties. 
The resistance of the foliage and the immunity of 
the seed-stalks of | were tound to break down 
when high humidity was maintained for periods 
longer than required tor the initiation of tnfection 
in susceptible plants. The establishment of infe 
tion was aflected by moisture sporangiospore con- 
centration, stage levelopment of the host at 
tacked, and removal of the bloom from the plant 
surfaces These factors. studied in situ, affected 
spore germination el tube growth. and penetra- 
tion. on det iched leaves and seedstalks where this 
growth was reduced ction was also decreased. 
No association was found between the resistance 
INTRODUCTION \r nbred line Brigham Yellow 
Globe 2215. used as the male parent in 10 of 12 new 
U.S. D. A. hybrid onion introductions. was recently 
found to be susceptible lowny mildew (Peronospora 
destructor (Berk Clasp \s part of a program for 
incorporating the resistance of Italian Red 13-53 into 
susceptible Brigham ww Globe 2215. these studies 
were undertaken to secure a better understanding of 
the nature of this resistance The former (resistant) 
strain is herein referred to as 13-53. and the latter 
(susceptible) strain as 2215 
Davis and Jone d loped the resistant variety 
Accepted lor pub ation March 10, 1959 
Krom a thesis sub tted partial fulfillment of the re 
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search Division, LU. S. D. A. B e, Maryland. The au 
thor gratefully acknowledges tl issistance and suggestions 
of Dr. Glen N. Davis, P Department of Vegetable 
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Pine for taking the | 
“Memorandum Seeds ise of Calred Onion,” 
March 3, 1947. ¢ tornia A iltu Experiment Station 
and the Bureau of P t fh So ind Agricultural 


Engineering. L. 8. D. A 


lo study the effect ot incubation periods ot different 
luration on resultant disease intensity. in each treat- 
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ment 5 plants each of 2215 and 13-53 were used for 
each indicated exposure period. The plants were all 
inoculated in 40-gal. steel drums in a 10°C constant- 
temperature room. After the respective incubation 
periods the plants were removed from the moisture 
chamber and dried by an electric fan. This method 
of producing different incubation periods was based on 
techniques developed by Cook (2) and Yarwood (9). 

Several factors were considered in arriving at a 
disease rating for infected foliage: The extent and in- 
tensity of symptoms and sporulation were graded in- 
dividually on a scale of 0-4, from no disease to severe 
disease. The percentage of leaves infected was also 
rated on this scale, from no infection to infection of all 
leaves. An average of the three estimates—extent, in- 
tensity. and percentage of leaves infected—for each 
of the five plants in each incubation treatment was the 
disease rating. Seedstalk infection was rated on the 
hasis of percentage of seedstalks infected and intensity 
of disease on each seedstalk. 

For the study of the incubation stage on detached 
leaves and seedstalks. the respective tissues were cut 
into pieces 5 cm long by 2 cm wide; these were laid 
on moist paper towels in the bottom of a 4-gal. cylin- 
drical jar. A water suspension of sporangiospores was 
then atomized onto the plant pieces. When dry inocu- 
lum was used. the sporangiospores were dusted on 
directly from plants on which sporulation had taken 
place. After inoculation the jar was covered, first with 
moist cheesecloth and then with a metal lid over this. 
Inoculation and incubation were carried out in a 10°C 
constant-temperature room. 

Celloidin strippings were used for the in situ study 
of per cent germination, germ-tube growth, and 
stomatal penetration of resistant and _ susceptible 
plants. The celloidin method was similar to that de- 
scribed by Delp (3). Because of the irregular growth 
of many of the germ tubes. a camera lucida was used 
to trace their outlines, and figures so drawn were meas- 
ured with a linear integrator. 

For quantitative determination of the difference in 


growth of the pathogen in plants, specific areas on the 
foliage and seedstalks were inoculated by employing 
pieces of potato-dextrose agar about 0.16 in.* seeded 
with sporangiospores. The agar was seeded with 
sporangiospores by spreading a concentrated suspen- 
sion of the spores over the solidified agar in a Petri 
dish. In these tests 13-53 was compared to 2215 as 
well as 10 other onion strains—13-53 2215, Calred, 
\ustralian Brown, Lord Howe Island, California Red 
21, Early Grano, Sweet Spanish, Stockton G 36, Aus- 
tralian Flat White, and Crystal Grano. 

In addition to measurement of relative fungus 
growth (based on the extent of sporulation), in cer- 
tain of the studies the extent of the internal vegetative 
mycelial growth was also determined. To accomplish 
this, entire leaves in which infection had developed 
were cleared in hot lactophenol and then stained for 
10 minutes in hot 0.1% cotton blue in lactophenol. 
The mycelium and haustoria, which stained darker 
blue than the surrounding host tissue, could then be 
distinguished, and the extremities of the mycelial 
growth up and down the leaf determined. 

In the study of the plant surfaces of resistant and 
susceptible plant material several different techniques 
were used in attempting to correlate resistance with 
surface characteristics. Material was embedded in 
paraffin as well as in water-soluble wax. Comparative 
studies of fresh material were also made. The tech- 
nique that gave the most nearly normal picture of the 
plant surface was one using epidermal strippings. 
Pieces of epidermal tissue of 0.5 cm.* were carefully 
stripped off and floated on water on slides. and a cover 
slip was placed over each without applying pressure. 

For histologic and cytologic study, material was pre- 
pared by fixation in formalin—acetic-acid—alcohol, and 
sections were cut. free-hand as well as with the freez- 
ing microtome. For permanent mounts, material was 
embedded in paraffin, sectioned at a thickness of 10 p, 
and stained with Conant’s (4) quadruple stain. 

RESISTANCE IN THE FIELD.—Since natural infection 
could not be depended on at Davis, California, the 


TABLE ] Re ative severtty of dou nv mildew intection on ontor foliage and See dstallk-s 


Davis plots * 


1953-54 infection 


Milpitas plot 


1955-56 infection 


Leaves Leaves Seedstalks Disease Seedstalks Disease 

Mrain (number) (%) (number) (%) (number) rating ‘ (number) rating 
13-53 533 8 132 1] 212 0 173 0 
2215 242 5 140 53 80 } 68 } 
13-53 2215 1] 18 144 17 144 l 133 l 
Calred 283 5 158 39 152 ] 137 ] 
Australian Brown 205 54 185 64 102 } 109 1 
Lord Howe Island 269 4 132 53 14 } 93 2 
California Red 2] 274 19 196 72 113 5 106 } 
Early Gras 26) 19 182 06 94 2 83 l 
Sweet Spanish 276 19 188 { 192 3 100 } 
Stockton G36 271 Vf 207 75 123 } 104 1 
Australian Flat White 230 9 208 83 80 ; 76 ; 
Crvstal Grano 263 9 154 99 104 2 112 2 

*lots were inoculated by spraying with water suspension sporangiospores, 

Natural infection. 

On a scale of 0-4, from no disease to severe disease 
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made of the resistance of plants of different ages. The 
statistical design of this experiment was a split plot, 
with the different planting-time treatments as subplots 
This enabled a 
comparison of infection on plants of different ages 


and with a randomized-block layout. 


growing adjacent to each other. During a 2-year pe. 
riod, no consistent differences were observed in the re- 
sistance of plants of different ages. A total of 1456 
plants, 2, 4, 6, and 8 months of age at inoculation. 
were studied. 
RESISTANCE OF FOLIAGE UNDER 
INCUBATION. 


SEVERAL CONDITIONS 


OF CONTROLLED Preliminary — studies 
that the 


foliage resistance were length of the incubation period, 


showed factors involved in expression of 


sporangiospore concentration, and bloom on the leaf 


surface. Infection was consistently initiated for all 


alter at 


incubation 


incubation 
hours the 

Fig. 1-A 
intensity on 3 ls. 
2215. Selection 2215 


was consistently more susceptible. This was also true 


the treatments only least a 2-hour 
After an 


rating for all treatments accelerated. 


period, period ot 3 
disease 
disease 


illustrates this increase in 


month-old plants of 13-53 and 


of foliage of 2215 and 13-53 that had been wiped, and 
the disease ratings increased with the longer ineuba- 


tion per iods. 
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length of the incubation period, sporangiospore concentration, and 


infection, 
inoculum is 


extent and intensity of 
2215. D) Infection 


estimates: and per- 


when dusted on 


plants in the field plots were sprayed with a water sus- 
pension of sporangiospores during weather conducive 
to the establishment of epiphytot However, one 
test—at Milpitas ( was based on natural 
infection. Studies thie rie i ¢ ered toliage resist- 
ance, seedstalk resist f d the relative resistance 
ot plants of different 
In 1953, 1954 19D 1 1[Y56. stran 13-53 was 
compared to 11 other considered susceptible. 
A randomized-block statistical design was used. In all 
tests the high field re ta e of 13-53 foliage was ob- 
served (Table | Phe ise rating of | 3 was dis- 
tinctly different from that of any of the other strains, 
while there were no co! differences in suscepti- 
bility evident among the ther strains \s indicated. 
13-53 foliage did show some intection ind the ireas 
that occasionally ecame lected were the same as 
those on susceptible plants t t sualiy showed sever- 
est infection These areas were the older portions of 
the plant (the older lea ind the tips of the younger 
leaves). The range of seedstalk resistance was vreatel! 
than observed in foliage sinee 13-53 seedstalks ex 
pressed complete field nity Table | 
In view of the differe es resistance associated 
with the growth of the t in the field. a study was 
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Fig. i« ms BD) Tl i sequent int tion of 
wiping the leaf surfa D se rating (0-4) is the average 
centage of leave nfect C) Infection on seedstalks of 
foliage directly { f n which the pathogen sporulated. 
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Fig. 1-A, B illustrate the modifying effect of different 
spore concentrations. In this study as well as in sub- 
sequent tests, an attempt was made to make a spore 
concentration as uniform as possible by using an origi- 
nal spore concentration of 25 spores per low power 
(10«10) 
centration was then diluted to provide a 1:1, 1:10, and 
1:100 dilution series. A volume of 25 ec 
was sprayed on each group of 5 plants used for each 


microscope field. The original spore con- 


of inoculum 


The plants were incubated 10 hours 
The differ- 
ences were more distinct where the spores were diluted 
1:10 and 
shorter duration. The plants of 13-53 and 2215 whose 


incubation time. 
at 10°C in separate moisture chambers. 


1:100, and for the incubation periods of 


leaves were wiped with cotton before inoculation 


disease intensity than the respective 


1-B.C.D). 


showed greater! 


treatments not wiped (Fig. 


of leaves penetrated by P. destructor. A) 2215; 


Fig. 2. A, B, C) Photomicrographs of radial sections 
48 hours 
after inoculation. Nuclear traumatotactic effect of 2 nu- 
clei “a” and “b,” remains of germ tubes and appressorium 
“ce.” substomatal vesicle “d,’ and infection hypha “e” 
(540). B) 2215: 24 hours after inoculation. Divided 
vesicle formed in substomatal chamber (400). C) 13-53; 
Infection hypha and the pali- 
sade cell nucleus shown in close association (260). D, 
E) Photomicrographs of P. destructor mycelium growing 
infected 15-53 tissue into the cavity of the leaf. 
(240). F) Photomicrograph of germinating P. destructor 
sporangiospores, the germ tubes of which have formed ap 
<240). G, H) Photomicrographs of the epider 
mal strippings of leaves of 2215 (800). G) Leaf not 
wiped before stripping made. H) Leaf wiped before strip 
ping made 1) Photomi rograph ota piece of 13-53 « leared 
leaf from the edge of a downy mildew lesion (85). J) 
Photomicrograph of a section of an infected seedstalk of 


13-53 


24 hours after inoculation. 


out of 


pressoria 


en which sporulation has occurred 40). 
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In view 
of the lack of complete immunity of the foliage of 
13-53 in the field, the infection produced by artificial 
inoculation is not unusual. 


FACTORS AFFECTING SEEDSTALK RESISTANCE. 


However, even under the 
most severe field epiphytotics, no infection has ever 
been observed on 13-53 seedstalks, which consequently 
Yet, when seedstalks 
of 13-53, 2215, and 10 other strains were transplanted 
from the field, inoculated, and incubated for 10 hours 
13-53 as 
well as those of the other strains became infected. 


have been termed immune (5). 


in the moisture chamber. the seedstalks of 


Thus, the immunity of 13-53 was broken down (Fig. 
2-J). 

In view of the relative differences in infection on 
13-53 and 2215 foliage with the different incubation 
periods, a parallel study was carried out on the seed- 
stalks of 13-53 and 2215. There were 15 seedstalks in 
each treatment. Infection on unwiped as well as wiped 
seedstalks of 2215 was found to occur after an incuba- 
tion period of 3 hours. Wiped 13-53 seedstalks became 
infected after an incubation period of 4 hours, whereas 
infection on unwiped seedstalks did not occur until 5 
hours of incubation. In all treatments the disease 
rating increased with the longer incubation periods. 
Although this increase in disease intensity occurred, 
the difference in initiation of infection remained dis- 
tinct between the different treatments (Fig. 1-C). This 
result is in contrast to the behavior of inoculated 
foliage, on which, after incubation for 8 and 16 hours, 
disease reached almost equally severe proportions Tre- 
gardless of treatment. 

Field 
munity.—For effectiveness, the field study 


seedstalk 


under conditions of high humidity. 


study of the breakdown of seedstalk im- 
of factors 
affecting resistance had to be carried out 
Such studies were 
made at night during wet weather in the springs of 
1955 and 1956, when the aecessary high humidity and 
moisture could be depended on. 

A wate! suspension of sporangiospores was sprayed 
onto the foliage and the seedstalks in the evening dur- 
ing heavy mist or while it was raining. Steel drums 
were inverted over the inoculated plants to prevent the 
spores from being washed off. The drums were sup- 
ported above the soil level by wooden blocks, leaving 
the openings in the drums otherwise unobstructed. In 
one such test. plants in the field that had produced 
seedstalks and still had heavy foliage were selected. 
Eight groups, each consisting of 2 plants of 13-53 and 
2 of 2215. were sheltered from the rain by steel drums 
supported over the plants. The plants were then inocu- 
lated by atomizing the inoculum upward through the 
At 8:00 p.m.. and 


at l-hour intervals thereafter, 2 plants each of 13-53 


opening in the bottom of the drum. 


and 2215 were dug up and transplanted to #10 cans in 
a greenhouse. As each group was brought into the 
After an 
the infected plants were 


greenhouse it was dried with an electric fan. 
infection period of 18 days, 
placed in a moisture chamber to induce the pathogen 
to sporulate. 

Results showed that 3 hours was sufficient for the 


initiation of infection on both foliage and seedstalks 














190) 


of 


incubation treatment there 


2215. whereas free 


ot 
infection. 


1-05 remained completely 
After the 4-hour 


was an increased amount of infection on 2215. and 
small lesions appeared on 13-53 foliage. In the sub- 
sequent treatments, infection became more severe on 


both the seedstalks and foliage of 2215 and the foliage 


of 13-53. However, it was not until the 9-hour incuba- 
tion treatment that infection was initiated on the 
13-53 seedstalks, although in preliminary tests of this 
type in the field the incubation time for the initiation 


of infection on 13 seedstalks varied from 6 hours to 
11 hours. 
maintaining moisture on plant surfaces re- 


field the of break- 


down in resistance, observed for plants inoculated and 


Thus, by 


sistant undet conditions sequence 


maintained in the moisture chambers for extended 

incubation periods, was duplicated in the field. and the 

immunity of 13-53 seedstalks was broken down. 
CHARACTERISTICS OF PLANT SURFACES IN RELATION TO 


RESISTANCE, or the plant surfaces were made 


could 


plant sur- 


physic al characteristic 


Alteration of the 


to determine whether any 
he related to resistance 


face, as by 


wiping. and the variation of incubation con- 
ditions, particularly in relation to moisture deposit, 
indicated an external resistance factor 
An intensive study of the plant surfaces of 13-53 and 
ll other onion strains revealed no differences that 
could be correlated with resistance The layer of wax 
covering the plant surfaces of all the onion strains 
appeared smooth on macroscopic observation. but. 
when studied microscoy illy. was found to be made 
up of a laver of uniforn distributed projections of 
wax. These projections give the plant surfaces a 
granular appearance under the microscope (Fig. 2-G) 
Tapie 2.-Stomate der stomate aperture length 
Stomate numbers 
Resistant 
Plant part 13-53 2215 
November. 1955 
Youngest leaf 
Distal 8.4 99 
Middle 0 Be 
Basal 10.5 15.2 
Middle-aged leaf 
Distal : f 90 
Middle 1 8.2 
Basal ( 8 
Oldest leaf 
Distal ) 8 
Middl 1.2 82 
Basal 2.9 2.8 
Vay. 1956 
Seedstalk: 
Distal 12 8 
Middl 1.2 
Basal ( 3 
Average of 20 ints i isurements each for |] 
Stomate apertur el Average 10 
All seed was planted on Sept r 20, 1955, and plants 
the held. 
re alred, 13 > 215 \ ! Br wi H we 
G36. Australia t W t (rvstal Grano. 
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}y microscopic study it was found that wiping the 
plant surfaces with dry cotton removes the wax and 
destroys the granular-like pattern of the waxy covering 
(Fig. 2-H). No qualitative differences could be dis. 
cerned, such as barrier structures on the epidermis or 
in the stomatal aperture, that might be associated with 
resistance. That the stomates of resistant plants do not 
in some way present a barrier was demonstrated in a 
subsequent study of the pathogen in situ, in which it 
was found that the number of penetrations was about 
the same on detached 13-53 leaves as on 2215 leaves 
(Table 4). 

Epidermal strippings were used in making quantita- 
Such 
strippings were made on 12 different varieties of plants 
2, 4, 


tive measurements of stomate density and size. 


and 6 months in age. They were taken from the 


distal, middle, and basal regions of the youngest, 
middle-aged, and oldest leaves. Similar measurements 
were made on the seedstalks of these 12 varieties 


(Table 2). 

On 2-month-old plants of all varieties tested. stomate 
density of the youngest leaf decreased from the leaf 
In older leaves. the tips had a higher 
than the Stomate length fol- 
lowed a reverse trend, with length increasing toward 
but there little 
stomate lengths on the 


base to the tip. 
stomate density bases. 
the tips of the youngest leaves. was 
consistent difference between 
Similar trends were found 


the }- 


The lengths of the stomates in 


leaf areas of older leaves. 
on the different 
and 6-month-old plants. 


leaves and areas of leaves of 
the epidermis of the seedstalks were consistently less, 
and their density was greater. than that of any of the 
stomates studied on the leaf areas. Certain trends re- 


lated 


to the age and development of the plant were 


epidermis of onion leat and seedstalk 


} 


Aperture length (u) 


Resistant Susé eptible 


10 others 13-53 2215 10 others 4 
2 12.3 14.9 13.7 
7.6 12.9 8.9 fe 
13.8 10.3 6.6 8.6 
6.3 12.0 11.1] 13.7 
13 13.4 12.0 13.7 
5.1 11.1] 12.3 12.0 
5.2 12.6 10.3 13.7 
1.8 11.4 10.6 14.3 
0 12.6 12.6 13.4 
0.8 16.0 16.3 15.4 
3.0 13.4 13.7 16.0 
1.8 14.3 11.7 14.9 


$5.530 um). 


ounts and measurements for each of 10 susceptibles. 


were grown in the greenhouse. The seedstalks were grown in 


Island, California Red 21, Early Grano, Sweet Spanish, Stockton 





ERY 


ae ene 


Vol. 49 


ping the 


wax and 
covering 
be dis. 


ermis or 
ted with 
s do not 
ted in a 
which it 
is about 


) leaves 


uantita- 

Such 
f plants 
rom the 
ungest, 
rements 


arieties 


stomate 
he leaf 
higher 
rth fol- 
toward 
s little 
on the 
found 
s of 4 
ates in 
ly less, 
of the 
nds re- 


t were 


19 


ckton 











August, 1959 BERRY: RESISTANCE OF 


thus observed in stomate density and size, but there 
was no correlation with resistance. 

Quantitative estimates of the adherence of water to 
onion plant surfaces—-Yarwood (10) reported that, 
when water was sprayed on onion plants grown in the 
greenhouse, less water adhered to the leaves of plants 
of intermediate susceptibility than to leaves of highly 
susceptible plants. However, in the field at Milpitas, 
he could not find any marked difference in the reten- 
tion of rain water or dew by the leaves of several 
onion strains with known differences in resistance. 
The writer similarly observed in the greenhouse that 
there were differences in the relative amounts of water 
that adhered to varieties known to differ in resistance 
(Table 3). This was also observed in the field after 
rain. but there was no association between resistance 
and wale! adhesion. 

Two further studies were made of water adherence 
by measuring the amount of water adhering to a plant 
following spraying and the relationship between wa- 
ter droplets and the plant surface as measured by 
the contact angle. A smaller deposit of water was 
found to adhere to 13-53 foliage than to the foliage 
of any of 11 susceptible strains. With seedstalks there 





Fig. 3. P. destructor sporangiospore germination, gro 
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Taste 3.—Adherence of water to foliage and seedstalks of 


onions 


Deposit of water 
spray" (mg/cm* of 


Adherence 
rating for 


surface) foliage in 
Strain Leaf Seedstalk field ” 
13-53 = 3.0 1.4 1.6 
Stockton G36 4.0 1.1 2.1 
California Red 21 1.6 08 2.0 
13-53 « 2215 1.7 14 L5 
Crystal Grano 1.7 1.4 2.7 
Sweet Spanish 5.3 3.6 3.9 
Australian Brown 5.4 1.8 3.9 
Early Grano 5.5 3.0 3.6 
Calred 5.5 L5 1.4 
2215 6.2 1.3 1.6 
Australian Flat White 6.5 2.0 1.7 
Lord Howe Island 7.0 38 3.5 


Measurements were taken on 10 plants of each of the 
12 stains, from May 16 to 20, 1956. 

A rating of 4 indicates almost complete coverage of the 
foliage with water; 0 indicates no water accumulation, 
Readings taken April 6, 1956, in the morning following 
rain. In the plot were 10 replications of each strain, with 
readings taken on a total of 480 plants. 











wth and penetration as observed on celloidin strippings of the 


leaf. stained in cotton blue: 4 D) photo ni ographs, and E G) line drawings. A, B) De velopment on the leaf surfac a 
f 13-53 (A) and 2215 (B) of P. destructor sporangiospores after incubation for 6 hours. C) Development on a 13-53 
leaf 8 hours after inoculation bv sporangiospores without free wate! D) Penetration of a single stomate of 13-53 by 2 
germ tubes 885). E) Formation of ippressorium over a stomate of 2215 followed by a continued growth on the 
leaf away from the appressorium, 16 hours after inoculation with a water suspension of sporangiospores (885). F) 
Appressorial formation by a growing germ tube that has contacted itself on a 13-53 leaf inoculated with dry inoculum and 
incubated 10 hours (885). G) Same as F, but with continued growth of the germ tube after appressorium formation 
ind ultimate penetration of a stomate upon formation of a second appressorium (885) 
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was no relation between resistance and the adherence only germ-tubes that had not penetrated stomates were 


of atomized water. Howeve it was found that the measured. 
average deposit on the leaves was 5.2 mg/cm”, whereas In these studies the only observed method of pene- 
that on the seedstalks was markedly less, 2.2 mg/cm”. tration was stomatal. Occasionally, on 13-53 and 2215 


Study of the physical relationship between water and foliage. two germ tubes were observed to form ap- 
the plant surface by measurement of the contact angle — pressoria over an individual stomate (Fig. 3-D). This 





showed that this characteristic could not be associated phenomenon has not been previously noted for this 
with resistance pathogen. The formation of 2 vesicles in a substomatal 
STUDIES OF THE PATHOGEN IN SITU DURING INCUBA- chamber by the penetrating pathogen was also ob- | 
TION.—P. destructor was studied on wiped and un-_ served (Fig. 2-B). Another phenomenon not previous- 
wiped plant surfaces of 13-53 and 2215 for different ly reported was the formation of an appressorium over 
periods relative to percentage of germination, germ a stomate, followed by continued growth of the germ 
tube growth. and the number of germ-tube penetra- tube on the leaf away from the appressorium (Fig. 
tions of the host. In one phase of the study a water 3-E). The nuclear traumatotactic movement of nuclei 


suspension of inoculum was atomized onto detached in cells adjacent to penetrated stomates of onion 
leaves, whic h were then ine ubated In anothe I phase foliage described by y arwood { 10) was observed on 
inoculum was dusted directly onto detached leaves the foliage of both 13-53 and 2215 (Fig. 2-A). Epi- 


from plants on which the pathogen sporulated, and dermal strippings were examined under the micro- 


the detached leaves were then incubated. The vari- scope at hourly intervals after inoculation, and it was | 
ability encountered in such studies was large. For observed that very little nuclear displacement occurred } 
; example, the coefficient of variability of germ-tube before 8 hours had elapsed. This relatively long period 
length averaged 36 is determined in 20 measure- indicates that resistance is not associated with this 
ments made on the foliage of each of strains 13-53 and phenomenon. since infection can be initiated within 
2215. 8 and 16 hours after inoculation. In this case, s+ hours. Close contact between the nucleus of the 
TABLE ] Germinatior é Oe engt! and penetrations (per ow-power field) of Pe ronospora destructor on de- 
tached leat piece and 2215 at 10°C and 100° relative humidity 
Inoculum and 13-53 2215 
incubation Tube length (a) Tube length (u) 
pe riod I t ! Non pene Pene No pene Yo germi- Non pene Pent No. pene- 
(hours) nt tion trating trating trations nation * trating trating trations 


Water-suspended spor 


2 | 0) 0 0 0 0 0 0 
2 W 0 0 0 0 0 0 0 
3 [ | 9 6 0-1 5 32 28 0-] 
; WV 14 0-1 2 K) Kw) 0-1 
1 | ) OH) 52 0-1 17 82 53 0-] 
} W 7 Th 0-2 24 57 66 0-1 
5 | ) 10] 19 0-1 10 103 55 0-] 
) W 89 9 0-4 14 117 >4 1-2 
6 l | v1 0-6 25 124 79 3-7 
6 W 183 72 1.7 32 155 78 3- 
8 { ld 195 2-8 36 215 147 3-9 
8 W 240) 188 1-10 54 186 127 2-7 
16 | 67 09 10 68 349 324 2-8 
16 W 5 199 5-7 81 1)9 223 3-7 
Drv sporangiospore 
4 | (0 0 0 0 0 0 0) 
} Vf 0 0 0 0 0 0 0 
) | 28 0-1 7 Ww) +] 0-1 
’ \ | 7 0-] 3 50 } 0-] 
6 { f | 0-1 14 78 69 0-1 
6 W ) 6 0-1] 21 116 63 0-1 
7 | OHO ) 0-3 25 64 56 0-3 
7 \ 73 7 0-4 $4 125 79 0-3 
8 | | O04 60 2-4 5] 98 92 2-4 
x WV 5) 123 1-4 37 164 209 2-6 
10 | 182 90 L-6 6 244 147 0-6 
10 vt ) 967 145 2-4 19 223 119 1-9 
16 | 74 196 1-8 76 534 164 5-9 
16 VW 64 Q 29] -7 72 172 217 1-8 
Average of counts 1d ) w-power fie lds 
*20 measurements averas for each value given 
*10 measurements averag for each value given 
“Unwiped leaf treatment 
* Wiped leaf treatment (wiped with cotton before inoculation). 
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first palisade cell attacked and the infection hypha was 
also observed (Fig. 2-C). 

Development of sporangiospores when applied in 
water suspension.—In the first type of experiment, 
inoculum was atomized onto the detached leaves, and 
differences in percentage of germination, growth of 
germ tubes, and germ-tube penetrations were studied 
over a range of incubation periods of 2, 3, 4, 5, 6. 8. 
and 16 hours (Table 4). A consistently greater pet 
cent of germination on wiped plant surfaces than on 
unwiped is to be noted, but this greater activity 
was not consistently reflected in germ-tube growth or 
in the number of penetrations. Germination, growth. 
and penetration were greater from 6-hour incubation 
than from 5-hour incubation. This increase was in 
accordance with the infection initiated at the different 
incubation periods. The low threshold of infection of 
this pathogen is indicated by the relatively heavy in- 
fection produced by shorter incubation periods. as 
indicated in the previous sections. yet during these 
shorter incubation periods the percentage of germina- 
tion. the germ-tube growth, and the penetrations were 
low. 

Development of sporangiospores when applied dry. 
In the second type of experiment, dry detached leaves 
of 13-53 and 2215 were inoculated by dusting sporan- 
giospores onto the plant surfaces and incubating at 
10°C and 100° RH (relative humidity) for 2, 3, 4, 5, 
6. 7. 8. 10, and 16 hours (Table 4). It was found that 
sporangiospore germination and germ-tube growth 
were not appreciable until a 5-hour period had elapsed. 
Similarly. infection was not initiated until a 5-hour 
period had elapsed. This period of 5 hours is con- 
trasted with the 3 hours required for the intiation of 
infection when sporangiospores were atomized onto the 
plant surfaces. In these tests. when germination once 
started, the development on 13-53 and 2215 at the cor- 
responding treatments increased progressively and 
showed accelerated development between the 7- and 
the 8-hour treatment. These results are analagous to 
the increase observed between the 5- and the 6-hour 
period in the case of inoculations with a water sus- 
pension of sporangiospores. Another significant obser- 
vation was the relatively greater amount of germ-tube 
development on the wiped leaf surfaces. This condi- 
tion was in accordance with the greater infection asso- 
ciated with wiped plant surfaces. The incubation pe- 
riods necessary were found to be much longer when 
inoculum was free of moisture than when inoculum 
was sprayed onto the plants. In spite of the greater 
incubation time, the same disease intensity was ob- 
served as on comparable treatments with moisture 
present (Fig. 1-D). Wiped foliage became infected 
after an incubation period of 8 hours. whereas un- 
wiped foliage was not infected until after 10 hours. 
There was consistently more infection on 2215 than 
on 13-53, with disease intensity increasing with length 
of incubation period. Since free water was absent at 
the time of inoculation. 100% RH alone might thus 
be considered sufficient for the breakdown in resist- 


ance. However. it was observed that. under these con- 


Taste 5.—-Measurement of mycelial growth on different 
onion strains of Peronospora destructor in lea} tissue 
compared with the length of the sporulating lesion * 


Mycelial growth Sporulation (cm) 


Strain Up Down Total Up Down Total 
13-53 1.3 6.2 105 3.5 4.1] 7.6 
2215 5.7 10.3 16.1 5.1 6.7 11.8 
13-53 << 2215 5.4 7.2 13.1 4.4 a 9.7 
Calred 9.9 8.7 14.6 48 5.4 10.2 
Lord Howe Island 5.6 11.7 17.3 4.0 65 10.5 
Early Grano 6.2 8.6 148 56 5.7 11.3 
California Red 21 7.2 9.4 16.6 6.0 7.6 13.6 
Australian Brown 5.7 7.7 13.4 48 59 10.7 
Sweet Spanish 9.] 83 WA 62 52 11.4 
Stockton G-36 5.3 8.7 14.0 5.0 6.3 11.3 
Australian Flat White 3 93 16.6 5.5 73 12.8 


18 days after inoculation of the midpoints of the leaves. 
Each figure for 13-53 represents an average of 20 measure- 
ments, and that for each of the other strains an average of 
10 measurements. 


ditions, moisture was condensing on the foliage after 
6 to 8 hours. Apparently, infection did not occur until 
water had condensed on the leaves. 

Development of the pathogen on detached seed- 
stalks.—Study of the pathogen in situ on detached 
seedstalks of 13-53 and 2215 was similar to the studies 
reported for detached leaves, but was approached only 
qualitatively. Although the seedstalk of 13-53 pos- 
sessed a much higher level of resistance (field im- 
munity) than the foliage, development of P. destructor 
on seedstalks of 13-53 and 2215 was similar to that on 
the foliage of these plants for the respective incuba- 
tion periods in the case of both wet and dry inoculum. 

(,ROWTH OF THE PATHOGEN IN RESISTANT AND SUS- 
CEPTIBLE PLANTS.—Yarwood (10) noted that P. de- 
structor grows downward in foliage more rapidly than 
it grows upward. In the present study this was found 
to be true, in the susceptible onion strains studied as 
well as in 13-53. Jones, Porter, and Leach (5) ob- 
served in the field that infection is usually confined to 
the tips of the leaves and that the pathogen grows 
very slowly toward the base. By inoculation with spor- 
angiospore-seeded agar blocks at specific areas on 
the leaves of 13-53, it was found that P. destructor was 
capable of initiating infection in other parts of the 
leaf besides the tip. 

The extent of sporulation was never as great as that 
of mycelial growth. However, sporulation measure- 
ment was a good indication of mycelial growth and 
was used in subsequent work since it was more prac- 
tical than measuring internal mycelial growth (Fig. 
2-1) to determine the relative extent of the pathogen’s 
development (Table 5). By such means it was found 
that the relatively smaller extent of sporulation on 
13-53 than on susceptible plants was related to a 
smaller extent of mycelial growth rather than an in- 
hibition of sporulation. 

Relative growth in leaves at different stages of de- 
velopment and in leaves of 2-, 4-, and 6-month-old 
plants.—The growth of P. destructor was determined 
for young. middle-aged, and old leaves. Inoculations 
were made on the middle of the leaves with sporangio- 
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spore seeded igal blocks It was found that the eX- 


tent of sporulation on 13-53 was less than that on any 


of the other onion strains studied However, there 
were no marked differences in the growth of the 
pathogen in leaves of different development. In one 
such test of 6-month-old plants. the youngest middle- 


aged, and oldest leaves were inoculated on an average 


) 


of 16 plants of each of different strains. Sporula- 
tion was induced after 18 days. and the following 
average growth of the pathogen was found to have 


occurred, as indicated extent of spor ilation on the 


youngest, middle-aged oldest leaves. respectively: 
3.7, 4.8 and 4.9 cm for 13-53: 10.2. 11.0. and 11.5 cm 
for 2215: and 9.9, 10.6 and 9.9 cm for the average of 
all the other 10 varieties 

Growth of P. destruct was studied in 2-. 4-, and 6- 
month-old plants of 13-53. 2215, and 10 other suscepti- 
ble varieties. The plants used in each test were all 
seeded at the same time: on September 20, 1954, in the 
1954-55 test. and September 20, 1955, in the 1955-56 
test. Inoculations were ide with sporangiospore- 
seeded agar blocks. No consistent relation could be 
found between plant age and extent of sporulation. 
However, less growth occurred in the 13-53 plants of 
all ages than in plants of any of the other onion strains 
tested 

Relative growth in seedstalks.—It was indicated that 
the field immunity of 13-53 seedstalks could be over- 
come by extended periods of high humidity after inocu- 
lation. Similarly. by ino iting with sporangiospore- 
seeded agar blocks. infection could be initiated in seed- 
stalks and the growth of P. destructor could be studied. 
The seedstalks were grown in the field and trans 
planted into containers before being inoculated in the 
moisture chamber \n average of 24 seedstalks each 
of 13-53, 2215. and 10 other onion strains were inocu- 
lated on May 2. 1955. and a similar test was carried 
out on April 16, 1956. Sporulation was induced and 
measured 18 days after ilation. The results were 
similar each year (Table 6 In both tests the average 
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Taste 6.—The length (cm) of sporulating lesions o} 


Peronospora destructor on seedstalks of onion strains 


inoculated in 2 years 

Strain May 2,1955 April 16,1956 
13-53 4.0 18 
Calred 12.2 95 
Early Grano 13.5 10.3 
Crystal Grano 18.5 11.2 
13-53 2215 10.8 12.1 
Lord Howe Island 23 13.7 
Sweet Spanish 13.3 14.0 
California Red 2] 11.3 14.6 
Australian Flat White 12.2 16.9 
2215 13.0 17.3 
Australian Brown 14.2 18.5 
Stockton G 36 15.8 22.1 

Seedstalks grown in the field during the spring and 


transplanted into containers previous to inoculation in the 


moisture chamber. An average of 50 seedstalks of each 
variety were used. Inoculation was with sporangiospore- 
seeded agar blocks. Sporulation was measured 18 days 
after inoculation. 


extent of sporulation was 2.9 em on 13-53, 
2215 


Davis (1) reported P. de structor oospores in both sus- 


15.2 cm on 


and 15.3 ecm on the other 10 strains. Berry and 


ceptible and resistant onion seedstalks. 


HISTOLOGY OF INFECTED RESISTANT AND SUSCEPTIBLE 


PLANTS.—Examination of infected tissue showed exten- 


sive intercellular mycelial growth and_ intracellular 
haustorial development of the pathogen in both 13-53 
and 2215, and there was very little difference between 
the two as to the form and type of this development. 
However, as indicated previously by the measurement 
of mycelium and sporulation, the extent of develop. 
both seedstalk 13-53 
than in 2215. 

The 
dermal cells adjacent to penetrated stomates has been 
noted. Whetzel (8) 


the haustoria of P. destructor 
tected 


ment in leaves and was less in 


traumatotactic movement of the nuclei in epi- 
observed the close association of 
the 


Similarly. in this study. a close associa- 


with nuclei of in- 


tissue. 





Fig. 4. Photomicrographs i; ations ol 
cellular mycelium he naustoriu surrounded bv 
disorganized. B) 2215. tra totactic effect ucleus 
C) 13-53, haustoria and host iclei in close lation. 


onion leaves infected with P. destructor | 
chloroplasts: =~ bee 
adjacent to the 


-n «. 9 
»”, a, 


<600), A) 13 inter- 
cell in which the cytoplasm has been completely 
cell wall, intercellular mveelium, and haustorium. 
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tion was found between the nuclei of the host and the 
haustoria of the pathogen in diseased internal tissue of 
both 13-53 and 2215 ( Fig. 4). A traumatotactic rela 
tionship of the nuclei of host cells and the mycelium 
as well as the haustoria of the pathogen, was also ob 
served. 
In both 13-53 

grow primarily through the 
palisade and mesophyll tissues, and was also observed 
in the elongated cells below the mesophyll and adja- 


and 2215 the pathogen was found to 
chlorophyll-containing 


cent to the vascular tissue. In this study, as far as the 
author is aware. the first observation was made of the 
growth of mycelium of P. destructor out of infected 
onion leaf tissue into the cavity of the leaf. In Fig 
2.D.E are illustrated 2 types of growth into the leat 
cavity. straight branching and circling unbranched 
No haustoria were observed on these growths. 

The resistance of several hosts attacked by patho 
gens closely related to P. destructor has been attrib- 


Wang (7) 


studied the mechanism of resistance of cruciferous 


uted to an internal defense mechanism. 


plants to Peronospora parasitica and found that im- 
mune and resistant hosts did not hinder entry of the 
pathogen. However, after entry, resistance was ex 
pressed by a necrosis of the host cells surrounding the 
invading hyphae. resulting in death of the fungus 
Thomas. Jorgensen. and Wester (6) studied the in 
heritance of resistance to downy mildew, Phytophthora 
phaseoli, in lima bean. and indicated that the necrosis 
and lack of sporulation on the resistant lines were a 
form of resistance similar to the necrotic reaction of 
potatoes resistant to late blight. 

In this study. the resistance in onion to downy 
mildew was inhibition of growth of the pathogen rather 
than rapid necrosis and complete halting of fungus 
growth. The pathogen was capable of continued de 
velopment even after sporulating. Thus, when 24 in 
fected leaves of 13-53 were inoculated at points by 
means of sporangiospore-seeded agar blocks, average 
sporulation per leaf was 1.6 cm after 11 days, and at 
18 days had increased to an average of 7.6 cm. On 
110 infected leaves of 11 susceptible onion strains, in- 
cluding 2215. sporulation per leaf averaged 2.9 cm at 
1] days. and at 18 days had increased to 12.3 cm. 
However. it should be noted that, once sporulation did 
occur. necrosis developed rapidly, and that the patho- 
gen died if conditions such as high temperature were 
not favorable for the pathogen to grow out of the in- 
fected areas into healthy areas of the plant. This latter 
phenomenon was observed to be similar in the 11 sus- 
ceptible strains studied, as well as in 13-53 

THE EFFECT OF PLANT EXTRACTS ON THE GERMINA- 
TION OF SPORANGIOSPORES AND GROWTH OF GERM TUBES. 

In general there was no marked difference between 
germ-tube growth on extracts of 13-53 and 2215 leaves 
Similar results were secured with seedstalk extracts 
There have been no reports in the literature of appres- 
sorium formation by P. destructor germ tubes on artifi 


cial culture media. However. appressorial formation 


was occasionally observed in this study on water agar 


to which verv dilute extracts of 2215 and 13-53 had 
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been added. The appressoria varied in form from 
triangular to circular (Fig. 2-F). 

Discussion.—In the field as well as in the green- 
house, the older leaves and the tips of the younger 
After 
exposure to extended periods of high humidity the 
resistant foliage and the immune seedstalks of 13-53 


leaves are consistently more heavily infected. 


became infected. The degree of infection was de- 
creased by the dilution of the inoculum, and increased 
if the wax bloom on the leaves was wiped before inocu- 
lation or if the sporangiospores were applied as a wa- 
ter suspension rather than dusted onto plants directly 
from leaves on which the pathogen had sporulated. 
No relation could be found between resistance and the 
adhesion of water to the different strains of onions. 
but it was consistently observed that water adhered in 
greater amounts to the older leaves and the tips of 
younger leaves—areas of the foliage that showed a 
proneness to infection. Frequent observation of the 
development of infection on bent-over leaves in the 
field with infection stemming from the horizontal bend 
indicated further the effect of moisture on the initia- 
tion of infection, since moisture accumulation and con- 
densation are greater at such points, 

Yarwood (9), in studying the relation of moisture 
to infection of various mildews and using conditions 
similar to those used in this study, found that in the 
inoculation of onion foliage with dry downy mildew 
sporangiospores, there was a condensation of mois- 
ture on leaves after an incubation period of 15 hours. 
Thus. he could not with certainty conclude that free 
moisture is unnecessary for the initiation of infection. 
\s indicated. in this study incubation periods of 2-16 
hours were used, and the appearance of visible con- 
densation and the initiation of infection were found to 
he closely associated. 

Study of the development of P. destructor on foliage 
and seedstalks in situ explained such phenomena as 
the increase in disease with longer moisture chamber 
incubation, the latter being attributable to the longer 
period allowed for penetrations. Similarly, the longer 
incubation period necessary for initiating infection 
when plants were inoculated with dry inoculum rather 
than moist inoculum was found to be due to the re- 
duced rate of spore germination, and in turn delayed 
penetration by the pathogen. A higher threshold of in- 
fection for 13-53 than for 2215 could explain the differ- 
ent infection phenomena resulting from the different 
treatments, which in effect alter the spore load. Fur- 
ther evidence for the existence of such a factor was 
provided by tests in which infection was initiated in 
leaves and seedstalks. and as a result there was an 
inhibition of mycelial growth in 13-53 compared to 
that in any of the other 11 onion strains tested. This 
inhibition was consistent in plants of different age and 
leaves of different stages of development, and was also 
present to a still higher degree in seedstalks than in 
foliage of 13-53. 

This study provides evidence that the apparent ex- 
ternal and internal resistance of the onion to P. de- 


structor is an expression of a single factor, which 
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exists at different level epending on the resistance 
of the onion I load modifies this fac- 
tor. and if condit 3 are yplied that make the effec- 
tive spore load sufhcient ch. the resistance can be 
overcome: this the ¢ n the seedstalk n 
13-53, which POSsesse the highest level of onion 
downy mildew re afar ‘ wr being 7 ine inde! 
natural epiphytoti mn the feld 
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SUMMARY 


Norway maple tree ere noculated with 


tictllium albe trv either permitted 1 natural 


water suppl or pi tn supplemental water 


nwood \verage wilt 


ipplied directly 


| er- 


ind extent of sapwood discoloration was less in 
those given additional water. Severity of wilt symp- 
toms and sapwood discoloration was less in trees 


having a greater sapwood moisture content 





Several investigators f lemonstrated a relation- 
ship hetween the \ ntent of wood ind the 
activities of certal yood-inhabiting fung Ex peri- 
ments conducted by Dick Muenct Snell (6, 
7) and Snell, Howard Lamb (8) have revealed 
that the moisture content wood in important 
factor in determinit the rowth of decay tung 
Reference to a s ri nship in living trees has 
been made by Henrikse ind Jorgensen ] 

The author i. 2 resented some evidence of 
the effect of sapwood ture content in feld-grown 
sugar maple trees upon the dence of disease incited 
by Verticillium albo-atrum Reinke & Berth. The pres- 
ent investigation was conducted to compare the severl- 
tv of disease. as expressed by wilt symptoms and sap- 
wood discoloration I ) ted Norwa maple trees 
with the severity t milarly inoculated, but re- 
ceiving additiona vat lirectly into the trunk 
throughout the se 

MATERIALS AND MET s Tl we Norway maple 
trees varving i ze troy to 4 in. diameter breast 
height and having an average height of about 10 ft 
were selected at randon rsery plot These were 
divided into 2 equal grou] One group procured wa 
ter only by normal root a rptior the second was 
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given supplementary water throughout the experiment. 
lhis constant supply of moisture was maintained by 
water from a 5-gal 


passing reservoir can through rub- 
ber and glass tubing fitted with a bored cork inserted 


A hole of 
into the tree to a 


into holes made in the sapwood (Fig. 1). 


. In. diameter was bored radially 


depth of 1-1% in., depending on the size of the tree. 
One tangential hole was drilled with a 
each side of the first boring (Fig. 1). 


vided on the same dav 


1.-in. bit on 
\ ater 


to inoculation. 


was pro- 


and prior Cans 


refilled at about weekly 


were intervals, 


Sapwood samples were obtained periodically by a 


technique discussed in a 2 


2). Dates 
on which samples were procured are noted in Table 


previous paper { 


1. Moisture content of the sapwood samples was ex- 
pressed as percentage, and determined on fresh-weight 
and dry-weight bases,? but only the latter is reported 


in this paper. Test samples were weighed to obtain 
the fresh weight. dried 


LOOo°€ 


18 hours in a hot-air oven at 
and reweighed. 

lo determine the maximum water-holding capacity 
of the sapwood, l-cm® blocks collected from 10 differ- 
ent uninoculated trees were aspirated in vacuo until 
sank to the water-filled 


\spiration was then repeated at 2-hour 


they bottom of a container. 


intervals, for 
periods, until no bubbles were emitted from 
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the wood. The average moisture content of the samples 
was determined to be 129.9% calculated on a dry 
weight basis. 

On June 17, 1957, 5 trees of each group were inocu- 
lated by insertion of a 2% malt agar disk containing 
an actively growing colony of the fungus into vertical 
wounds made in the sapwood with a knife previously 
dipped into alcohol. Drying-out of the mycelium was 
prevented with a covering of moist absorbent cotton 
secured with a strip of adhesive tape. The five un- 
inoculated trees of each group were similarly wounded, 
but only sterile agar disks were inserted. Subsequent 
wilt symptoms were estimated as per cent of the 
crown of infected trees. 

On completion of the study, on February 10, 1958, 
all trees were cut down and studied to determine the 
extensiveness of sapwood discoloration. At this time, 
tissue platings were made on a 2% malt agar medium 
for re-isolation of the fungus. 

DISCUSSION OF RESULTS.—The average per cent mois- 
ture of the inoculated and uninoculated trees, with 
and without an additional supply of water in each 
group, is recorded in Table 1 and expressed graphical- 
ly in Fig. 2. It may be noted that the average moisture 
content of inoculated and uninoculated trees within 
each group are in reasonably close agreement, regard- 
less of time of year. The sapwood moisture content of 
trees given an additional supply of water, however, 
was higher than that of the other group up to leaf fall 
(October 15, 1957) Then the differences decreased 
markedly, and moisture contents were practically 
equal at the “winter-green” condition (January 15, 
1958). In most cases the winter-green condition was 
slightly less than the maximum water-holding capacity 
of the sapwood. 

In this experiment there appeared to be a general 
tendency toward a decrease in wilt symptoms with an 
increase of the sapwood moisture content, and vice 
versa. Seven of the 10 inoculated trees exhibited 
various degrees of wilt by August 12, 1957. The aver- 


age wilt of trees given an additional supply of water 
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was less. and the sapwood oisture greater. than that 

of similarly inoculated trees receiving none The for 
mer displayed 2 wilt, and 53.3 and 
1M sapwood moisture. for July 1. 1957 and August 

12, 1957, respectively. where the latter exhibited 
Ll”, and 34°, wilt ind | il ad 5) 2 sapwood 

moisture tor the same | Dur lg the period July 

1 to August 12, 195 the ge sapwood moisture 

content of the sf two grou! was 2 2 ind 1.0 

respectively Phe iverage sapwood moisture tor. the 

same groups during the period June 17 to October 15 
1957. was. respective! ind 39.5 

There was an in Lic t " the extent of Sa] wood 

discoloration decreases in increase of the sap 

wood water content. Conside g the same period and 

morsture contents mentioned ibove lor inoculated 
] 

trees, with and wit idded water, the ranges in 

sapwood discolor ition rove he point Of moc ulation 
were 1-3 in. and 413 ir respectively Table ] Phe 
average measurable disco tion was | and 8.2 in 

Although most of the ) lated trees showed a cor 

| ' f | } 

relation between the amour sapwood water and the 
severity of wilt and extensiveness of sapwood discolora 
tion a tew were Strikil exami les kor thre pe riod 

June 17 to Octobe ) t e 6 had a sapwood 

morsture content that was yer than the iverage ol 

all inoculated tre xhibited 10 wilt on 

July 1. 1957, and 5f August 12. 195 whereas 

the length of sapw Te lis ratior Was LOM in 

Tree 15. which had siigntty higher water content 

than tree 8. but lower than the average, showed 20 

and 70% wilting for the respective dates. The extent 
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date 
10/5 10/1 11/5 11/19 «(12/1 
8 61.5 66.7 79.4 98.4 
3.2 ) 70.1 84.2 109.6 
9 ) 63.7 59.7 105.4 
3.4 61 69.9 62.1 102.4 
3 HB 85.8 105 89.3 
59 94 704 78.2 101.0 
u) 2.2 66.9 9B 

i) 43 61.3 77.4 VBA 
42 uv 6.1 67.0 104.5 
2.6 194 4 79.3 102.0 
6.9 124 % 72.5 106.7 
42 H4 7.1 72.6 102.1 
> 4.2 67.0 70.0 104.1 
63.1 92 799 77.6 133.7 
of 70.3 75.1 112.7 
4 if } 84 120.3 
) 41 654 R66 100.3 
of 2 2.5 78.8 114.2 
u 41 65.5 72.7 114.2 
13.0 68.4 89.3 121.3 
w) 64.7 80.0 106.6 
é 3.1 648 92.0 

( 199.5 (0.7 100.3 

} w4 003 73.5 106.9 
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were made under 
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However, 


since 


field conditions, 


confirmation is needed under controlled conditions of 


temperature, precipitation, and soil moisture. 
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TAXONOMY OF THE PERONOSPORA SPECIES ON CRUCIFERAE AND CHENOPODIACEAE! ? 


William D. Yerkes, Jr..2 and Charles Gardner Shaw * 


SUMMARY 


Numerous specimens on each of several host 
species within the Peronospora complexes on Cruci- 
ferae and Chenopodiaceae were compared mor- 
phologically. Within each complex the oospores 
were remarkably uniform in structure. Variation 
in conidiophore structure within a single specimen 
and in series of specimens from one host species 
prevented the association of conidiophore types 
with host species or genera. Mean conidial meas- 
urements (length and width) for different collec- 
tions of Peronospora on one host often varied by 
several microns. The range in means of conidia 
from a series of collections on a single host in- 
cluded the means obtained from other host species 
of the same family. There was insufficient agree- 
ment among the conidial measurements obtained to 
consider either the means for length and width or 
their quotient significant. 

In the Peronosporaceae neither morphology nor 
physiologic specialization alone provides a satisfac- 


tory basis for species delimitation. It is proposed 
that physiologic specialization be utilized in con- 
junction with, but subordinate to, morphology. 
When downy mildews assignable to the same genus 
occur on hosts of one family and differ morphologi- 
cally without intergradation, these entities constitute 
distinct species. If, however, morphologic variation 
on a single host includes the variations found on 
other hosts of the same family, only one species is 
recognized. Or, if morphologically the material 
from various hosts within one family forms a glid- 
ing. overlapping series, all of it is considered co- 
specific. This concept retains the species as the 
basic taxon, within which infraspecific taxa can be 
erected if necessary. 

\ single species, Peronospora parasitica (Fr.) 
Fr.. is recognized on the Cruciferae, and but one 
species, P. farinosa (Fr.) Fr., on the Cheno- 
podiaceae. Synonymy of these two species is listed. 





INrRODUCTION.—-Following de Bary’s (3) treatment 
of the family “Peronosporei,” Schroeter (36, p. 228- 
252: 37). Fischer (11), and Berlese (4). in Europe, 
and Farlow (8, 9), Swingle (41, 42). and Wilson (50, 
51, 52. 53, 54). in America, monographed the Perono- 
sporaceae or major portions of the family. 

During this period of about 60 years the generic and 
family limits of the Peronosporaceae became well es- 
tablished. Species were not characterized entirely on 
a morphological basis, but morphology remained a 
primary basis for species differentiation. Each monog- 
rapher treated the group conservatively. recognizing 
that variation within a species might be considerable. 
Although many varietal and form names were utilized 
by distributors of exsiccati, few of these were validly 
published (25). 

\n entirely different basis for species differentiation 
was employed by Gaumann (13). who studied the 


physiology and morphology of Peronospora parasitica 
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The st idies of the Peronospora on the Chenopodiaceae 
are based on a portion of a thesis submitted in partial ful 
fillment of the requirements for the Ph.D. degree, State 
College of Washington, by the senior author: those on the 
Peronospora on the Cruciferae are based on a portion of a 
thesis submitted in partial fulfillment of the requirements 
for the Ph.D. degree, University of Wisconsin, by the 
junior author. 

Scientific Paper No. 1772, Washington Agricultural Ex- 
periment Station, Pullman. Project No. 934. This investiga 
tion was supported in part by funds provided for biologica 
and medical research by the State of Washington Initiative 


} 


Formerly Research Assistant, Dept. of Plant Pathology, 
State College of Washington: current Associate Plan 
Pathologist. The Rockefeller Foundation Agriculture Pro 
gram in Mexico. Calle Londres 45, Mexico, D. F 

‘Plant Pathologist and Professor, Dept. of Plant Pathol 
ogy. State College of Washington. 


(Fr.) Fr. His inoculation studies produced evidence 
of numerous pathogenic forms or races, each with 
limited host range, within this complex. The mor- 
phology of 3 structures—the oospores, the conidio- 
phores, and the conidia (especially their dimensions) 

was then checked. Oospores were considered of no 
value for systematic purposes, but quite different con- 
clusions were reached about the conidiophores and 
conidia. Although transition occurred, and integrada- 
tion through all sorts of intermediate forms was ob- 
served. 15 types of conidiophores were distinguished 
on the basis of total height, thickness of the swollen 
base, the structure of the ultimate branches, etc. Of 
all these. the form of the ultimate branches was con- 
sidered most decisive and the only one not influenced 
by environment. 

One thousand measurements were made of the 
length and width of conidia on 80 different specimens, 
each collected on a different cruciferous host. The 
averages varied in a gliding series. from 15.1713.1] 
. for conidia on Erophila verna (L.) E. Mey., to 
27.81 24.16 y» for conidia on Nasturtium montanum 
Wall. The possibility that these measurements might 
indicate a single, but variable. species was discussed 
and discarded, since the conidia from one host differed 
from those obtained from most other hosts in one 
respect or another. 

The following general principles were set up (13, 
p. 514) for limiting species in the genus Peronospora: 
“If two Peronosporae possess essentially the same 
oogonia and oospores. then they belong to the same 
section (Gruppe): if they agree in the important traits 
of the conidiophores. they belong to the same subsec- 
tion (Unterabteilung); and if they agree in their 
onidia, then they belong to the same species. How- 


ever. if the conidia differ in form and size or if in 
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. dividual difference re evident the case of other formed to substantiate the supposed host specificity, ' 
organs. then two separate ecies must be established However, several workers, including Thung (46) J 
. __ If biologica et occurs simultaneously and Hammarlund (19), on Peronospora parasitica, 
actually in the fina the name of the host Richards (32), on P. spinaciae Laub., Angell and Hill | 
suffices for an unequ eterminati Thus, (1) and Clayton and Stevenson (7). on P. tabacina § 
in this way. we rea point where the original Adam, Uppal and Weston (47). on Sclerospora philip- ' 
characters, namely t ogical ones, are shoved — pinensis Weston, and Ling and Tai (27), on Bremia | 
iside in favor f ‘ cal characters free lactucae, have demonstrated considerable morphologic | 
translation variability within single species of the Peronospora- 
Applying these prir to the material studied. ceae These studies indic ate that the morphology ot 
Géumann split P. | into 52 species. 49 of | the conidia and conidiophores is modified by tem- 
which were nev 1; ter paper 14. 16. 17 other perature, moisture, season, and other factors. 
Peronospora complexes cluding P. farinosa (Fr.) Investigations involving the study of numerous 
Fr. on the Chenopodiace were investigated by downy mildew collections on the same host have raised 
Gaumann and treated is r fashion. In his mono doubts as to the validity of Gaumann’s concepts. Con. 
graph of the genus Peror Gaumann (18) recog sequently, a study of numerous collections on each of 
nized 268 species ire ft half erected by him and several hosts within 2 Peronospora complexes was 
his co-workers undertaken to determine the variability in oospores, 
Only one instance ce | be found in Gaumann’s conidia, and conidiophores occurring naturally on in- 
papers where conidia iges were computed for 2. dividual hosts and to ascertain the justification of as- 

: collections made « e host species. The aver- Signing a single set of mean values for the length and 
ages of material collecte Gaumann (13. p. 505-6) width of conidia from a particular host and using these 
on Capsella bursa-past | Medic. were 20.87 mean values as diagnostic characters in the delimita- 
18.21 yw. the quotient (average length divided by aver- tion of species. The two complexes selected for this 
age width) being 1.15: the averages of conidia from investigation were those on the Chenopodiaceae (the 
a specimen on the same t in Sydow s exsiccatum, P. farinosa complex) and the Cruciferae (the P. 
Phycomvcetes et Protor tes #67. were 21.918.3 nu. parasitica complex). 
the quotient being 1.20. Average lengths for conidia Mertuops.— Material to be examined was flooded 
from 3 other hosts, referred to 3 different Peronospora — with 70°% ethyl alcohol. mounted on glass slides in 5% 
species, fall between 20.87 » and 21.9 ». Average widths KOH, and warmed gently. Only detached conidia that 
for conidia from 2 other hosts, referred to 2 different were fully turgid and so aligned that the axis of 
Peronospora species, fall between 18.21 » and 18.5 yp. — greatest length was parallel to the optical plane were 
The quotients of conidia fr 26 different hosts, as measured. Since different numbers of spores were 
signed to 18 different Peronospora species, either measured in studying the two complexes. these details 
coincide with or fall betwee 15 and 1.20. According ire presented in the discussion of each section of the 
to Gaumann (13, p. 43 lifferences between the — work. Conidiophore characters were ascertained from 
conidial averages of these two collections on C. bursa the same mounts utilized for spore measurements. 
pastoris were due to one eing Immature Several mounts were made from each collection in 

Conclusions different | ose of Gaumann were an attempt to find oospores in as many hosts as possl- 
reached by 2 of conte raries. Schweizer s (38) ble. Necrotic portions of lesions were checked care- 
morphologic studies otf Bb r tucae Regel were fully for oospores, 
based on numerous specimens from each host species. THE PERONOSPORA COMPLEX ON THE CRUCIFERAE. 
Although finding pecialization within b \bundant material on Capsella bursa-pastoris being 
lactucae, the morpholo idies led to the con available in the herbarium at the University of Wis- 
clusion that the gre liftere s encountered In spore consin, measurements were made of 100 spores trom 
sizes are not absol il specie iracte! each of 13 specimens collected at various times during 
istics. but are due to othe I for e.§ ture and the growing seasons (May. June. and July from 1913 
host influence Warteny I 19 tter studying through 1946. Conidial means for these specimens 
the morphology of 3 s} f Plas leplored ranged from 20.79 15.86 » to 28.40*19.70 ». a range 
the endless splitt f es fl emphasized that includes more than half the total range for means 
the importance thie { T sys 15.17 13.11-27.81*24.16 4x found by Gaumann 
tematic unit (13 on 80 different cruciferous hosts \dditional 

Nevertheless. Sy ted 3 w species of conidial averages were then computed on other cru- 
Bremia (43. 44 : tant them by saving that ciferous hosts, the customary procedure being to meas 
Schweizer had p1 the ost specificitv! Besides ure 100 spores from the first specimen examined on 
Svdow. Savulescu 1 PR 4 ind Oescu and each different host and 20 spores from any additional 
Radulescu f) Ray Palestine specimens studied on that host 

31). Ite (23) and Saw Japar 1 others These spore measurements are summarized in Table 
have described 1 t every time a downy 1. Gaumann’s spore measurements. means, and quo- 
mildew has been | previously reported tients are included in those instances where he studied 
host. In but few ulations been per- material from the hosts studied by us. It is apparent 
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that mean spore measurements from 2 or 3 collections 


of Peronospora on the same host often vary by several 


microns. Comparable variation also occurs as often 


as not between the conidial means obtained by Gau- 


mann and by ourselves for the same host. Since par- 


ticular importance has been attached to the quotient 


(i.e. mean length/mean width), it is interesting to 


l 
note that this hgure also shows divergence when com- 


puted for 2? or 3 


rhese 


collections on the same host. 


results indicate: 1) that the conidia of 


Peronospora vary significantly in size from collection 
to collection on the same host, and 2) that there is 
T ABLE | Collections ot conidia measuren 


Length (yu) 


Means Range 


ON 


Min. Grand Vax Min 
Sis ri 7 {is 
simum | (15.66 11.9-19.9 
frabis hirsuta (16.12) 11.0-23.0 
frabis aevigata 
Mul Poir. (16.89 10.3-16.1 
{ral hirsuta 
| Scop. 16.99 17.62) 18.11 13.4-22.6 2 
Cardamine bulbo 
<a Schreb.) 
BSP 17.72 13.4-23.0 
Dr ' niana (17.64 11.0-24.0 


Rorippa — palustris 
| Bess 18.75) 15.3-24.9 
Card. e parvi 
ra | 18.90 14.2-23.0 
Va i ’ Sit 
ale R. Br 8.32 19.50 99 116-268 1] 
{ rdar ‘ re y 
anica Mubhl. 19.62 19.3-23.8 
Bre ica nigra 
I Koch 19.77 7-23.7 
Brassica arvensis 
L.) Ktze. 19.97 15.3-27.2 
tapt s sativus® (20.0) 14.0-26.0 
Drab aroliniana 
Wa 19.53 19) 2) 14.6-26.4 
\ t n offi 
ale 20.32 16.0 »7 2 
Dentaria laciniata 
Mul 20.23 21.17) 22.87 15.3-27.6 1 .2¢ 
( ¢¢ bursa 
toris 20.87 21.39) 21.90 12.0-35.0 L.] 
f ‘ rsa 
a pris (L). 
Medic 20.79 23.10) 28.40 14.6-36.8 | .2¢ 
R ativus 
| 2354 18.0-29.5 
S P ne 
Dy 7.0 52.0 
‘ é 
¢ Nutt 97.) 19.9-33:3 
Le g 
7, 97.52 19.0. 37.0 
Le apeta 
Willd 28.94 9.19) 29 19.1-38.3 1.4 
Le g 
| gg 2 38.3 
M - ~ easured trom ne rT ‘ en ons I ea 
20 spores asured from remaining ns 
NVI. su ents trom Ga int 
{ “pore size taken 1! I 28 & 29 ( umar!r 
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not sufhcient agreement among the measurements ob- 
different 
from the same host to permit the assignment of special 


tained by different 


workers on 


collections 


significance to either the means or the quotient. 


While conidial measurements can be averaged and 


briefly 


presented in tabular form, any 


adequate de- 


scription of the variability in conidiophores would re- 


quire many pages. 


Although Gaumann (13) reported definite conidio- 


phore types on certain hosts, we did not find distinct 


conidiophore types regularly associated with particular 


hosts or host genera 


ents of Pe ronospora on Crucilera 


Quotient 


ngth/ width) 
Means Means 
yrand Max. Min. Grand 
(1.32) (11.89 
(1.16) 13.92 
(1.24) 13.63) 
1.30) 137 13.02 (13.54) 
1.25) 14.22 
(1.12) 15.8] 
L31) 14.2 
(1.28) (14.79 
121) 1.25 9.33 «1 16.19) 
1.35) 14.56 
1.16) 17 OM 
1.25 16.04 
(1.10) 8.17 
L2z) lz ».f 16.58 
1.19) 17.0 
1.29) 1.31 15.69 16.45 
1.18) 1.20 1 18.26 


(] ~) ) 
147) 148 19.44 19.79 
1.50 Of 
nost ind ft t 
| res n des I 
meu I 


Width ( 


Max. 


14.48 
(yf 
17.41 
18.30 
20.14 


Range 


96 
8.0 


12.6 


11.1 


12.3 
12.6 
14.5 


ILA 


12.0 


20.0 


19.9 


07 


22 0 


i 


Prior to Gaumann, Wilson (53) 


No. 


measured 


spores 


‘ ollec tions : 


100 ()) 
L000 (1) 
1OO (1) 
20 (3) 
100 1) 
1000 ¢1) 
lOO «1) 
lOO ¢«1) 
140 (3) 
100 ¢1) 
100 «¢1) 
lOO (1) 
1.000 (1) 


~20 (3) 


lO] @1) 


140 ,} 


1200 (9) 


1200 (13) 


lOO (1) 
1,000 (1) 
100 (1) 
1,000 (1) 
120 (2) 
100 (1) 


ursa-pastoris; 
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recognized o spect ) i ine Perone spora complex 
on crucifters, and atte ted to segregate them on mor- 
phologi« characters 1x lifferent host genera were 
listed for P. lep MeAl G. W. Wils.. which was 


characterized - simple conidio- 


phores, with asce ding ranches not forming a dense 
head We have ireque ti encountered conidiophores 
ot this Type on Le atu petaiuum Willd and L. viT- 


ginicum | h-branched conidiophores 


with dense tangled head typical of P. parasitica 
sensu. Wilson) o exclusively in some specimens 
on L. apetalur \ collections on L. virgin 


show cor 1d rable riatior ind contain 


cum | numer 
ous intermediate types. Variation in size and structure 
of the conidiophore porn single collections and in 
series of collections o1 ost species. was such that 
we were unable to asso onidiophore types with 
either particular host enera or host species 

Oospore «s were found in 10 of the |7 hosts listed in 


Table | \s reported (,aumann 13 the 


are remarkably for structure. regardless of the 


00s pores 


cruciferous host on which they are found. The thick 
ness of the oogonial wall irked in collections with 
mature oospores Cc ex pore s thin compared to 
that of other Pero pe pecies ind is s iperficially 
smooth, although the o¢ ( iy be somewhat angu 
lar in outline 

The conidial me ire our inability to asso 
ciate conidiophore type vith particular host genera 
and the uniformity of the oospores convince us that 
there is no rel le morphological basis for distin 
guishing species within the Peronos] complex on 
cruciferous hosts. We ide that a single species 


Peronospora should Ie reco 


parasit Fr 


nized on cerue 
list of 


synonyms given be ' every species of 

Peronospora know! to ‘ heel cle ee hed on i 
cruciferous host. If more tha 1 single species is to be 
recognized, apparently nly the number of species 
within the Cruciferas le of being infected by 
some Peronospora st vill limit the number of 
Peronospora specie I nust eventually be recog 
nized within this singel piex 
PERONOSPORA PARASITICA Pers ex kr hy Sum 
Veg. Scand.: 493. 1849 

The svnonvms of P Pe ex Fy Fy 
are: Botrytis paras P Obs. Mvc. 1: 96. T. 5 
fig. 6. 1796; M s Sow.. Eng. Fungi 3: 7 
359. 1802: VM. ervsimi Sow.. Ene. Fungi 3: T. 400. fig 
7. 1803: Botrytis nivea Mart.. Fl. Crvpt. Erlang.: 342 
1817; B. parasit Pers. ex Fr.. Sys. Myc. 3: 404 
852 (BASONY M P nos] narasitica F1 
sum Veg Scand 193 LY Peronospora parasitica 
(Pers.) Tul., Compt. Rend. Acad. Sci. 38: 1103. 1854 


P. ochroleuca Ces. in R Her 
1855 Bot. Zeit | 856.): P. 
Rab.. Fungi europ. Flora 42: 436 
1859.) : P. parasit Pers. ex d By Nat 
(IV) 20: 117. 1863: P . Coce. & Mor 
Mem. Acead. Sx Ist B IV) 6: 394. (188 

1885: P. parasit B dii McAlp.. Prov 


nfarideé 


(also 


Sow 
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Royal Soc. Victoria. N. S. 7: 221. 1895: P. niessleana 
Berlese, Icon. Fung. Phyec. 40, pl. 66, fig. 1. 1898: P. 
lepidii (McAlp.) G. W. Wils.. Mycologia 6: 198. 
1914; P. wasabi Gaum.. P. calycini 
Gaum., P. Gaum., P. 
Gaum.. P. arabidis glabrae Gaum.. P. arabidis hirsutae 
Gaum.. P. 
ritae Gaum., P. arabidopsidis Gaum., P. 
Gaum., P. 


brasst ade 


alliariae alysst 


alyssi- incani arabidis alpinae 
arabidis oxyphyllae Gaum.. P. arabidis tur- 
barbaraeae 
berteroae Gaum.. P. biscutellae Gium.. P. 
Gaum., P. calepinae 


Gaum.. P. buniadis 


Gaum.. P. camelinae Gaum., P. cardamines laciniatae 
Gaum.. P. chetranthi Gaum., P. chorisporae Gium., 
P. conringiae Giium., P. coronopi Gaum., P. dentariae 
macrophyllae Gaum.. P. diplotaxidis Gaum.. P. drabae 
Gaum.. P. Gium.. P. 


Gaum.. P. gdumanniana Jaap. ex. Gaum., P, 


erophilae Gaum., P. erucastri 
eryvstmi 
hesperidis Gaum., P. isatidis Gaum., P. lepidii sativi 
Gaum., P. 


P. matthiolae Gaum.. P. nasturtii aquatici Gaum.. P. 


lepidii virginici Gaum., P. lunariae Gium.., 


nasturtii montani Gaum., P. nesleae Gaum., P. roripae 
islandicae Gaum.. P. sisymbrii intermediae Gaum.. P. 
sisvmbrit loeselii Gaum.. P. sisymbrii officinalis Gaum.., 
P. sisymbrii orientalis Gaum.. P. sisymbrii 
Gaum., P. Gaum., P. 
Gaum., P. Gaum.. P. 
arvensis Gaum., P. thlaspeos perfoliati Gaum.. and P. 
turritidis Beihefte Bot. Cent. 35: 519-53). 
1918: P. Gaum.. P. Gaum.. P. 


sophiae intermediae Gaum., and P. cochleariae Gaum., 


sophiae 


sophiae pinnatae teesdaleae 


thlaspeos alpe Sstris thlaspeos 


(aum.. 


rhaetica norwegica 


Beitr. z. KryptogamenFl. der Schweiz 5(4): 251, 252 
276. 280. 1923: P. iberidis Gaum.. Ann. Myce. 25: 176. 
1927: P. calycinit Hruby. Hedw. 68: 158. 1928. 
(Vomen Nudum): P. alyssi arduini Hruby and P. 


Hruby. Hedw. 1929; P. 
rapistri Jacz. & Serguieva, Opriedielitel Gribov sover- 
Tom. I. Fiko- 


1931: P. lepidii perfoliati Savul. et Ravyss 


alyssi montani 69: 18 


eribii ( Diploidniie stadii). 


143. 


scheniie 


mitzeti 


and P. euclidii Savul. et Rayss. Ann. Myce. 30: 367, 
369. 1932: P. rapistri Oescu et Radul.. Ann. Sei. 
univ. Jassy 18: 434. 1933: P. maublancii Savul. et 
Ravss. Bull. Soc. Myc. France 50: 93. 1934: P. nas- 
turtii-palustris Ito & Tokunaga, Trans. Sapporo Nat. 


Hist. Soc. 14: 3] 
J. Ser., 1: 154. 
Naturf. Ges. Bern 1937: 17. 1938: P. iranica 
Esfandiari. Ann. Myc. 39: 204. 1941: P. 
Ito apud Ito & Murayama. Trans. Sapporo 


Palest. J. Bot., 
Blumer. Mitt. 
Petr. & 
takahashii 


Nat. Hist. 


1935: P. etgii Rayss. 


1938; P. 


galligena 


Sor i7: 162 1943: P. COTONOPpt-proc umbentis Vien.- 
Bourg. and P. minuta Vien.-Bourg.. Bull. Soc. Mvye. 
France 69: 333. 1954: P. cakiles Savile. Can. Jour 
Bot 55: 197. 1957. 

THe PERONOSPORA COMPLEX ON THE CHENOPODIA- 
CEA Ninety-two collections of Peronospora were 


studied on 8 different host species of the Chenopodia- 


Four collections on unidentified species of 


cCeae, 
Chenopodium were also included and treated as a unit. 
The Methods 


served in from 


autions mentioned under were ob- 
these 
summarizes the measurements of 
As in the Perono 


spora complex on the Cruciferae. attempts were made 


pre 


measuring 25 conidia each of 


Table 2 


conidial length and width obtained. 
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prior to Gaumann’s studies (15) to distinguish species 
and infraspecific taxa within the Peronospora torms 
that occur on members of the Chenopodiaceae. Caspary 
(6) recognized 2 forms, var. major and var. minor 
This segregation was used by several subsequent work- 
ers. The two forms might be characterized as follows: 
Ultimate 


flexed: conidia usually 


var. major branches short, stout, re- 
pedicellate. 

var. minor—Ultimate branches narrower, straight- 
er; conidia not distinctly pedicellate. 

Wilson (53) recognized both P. effusa (Grev.) Ces. 

(equals P. effusa var. major Casp.) and P. farinosa 


(Fr.) Keissl. 


evidently both 


equals P. effusa var. minor Casp.; 
Keissler and Wilson overlooked the 
farinosa (Fr.) Fr.|. That Wilson lists 
C. hybridum | 
oleracea L. as hosts for both species indicates the 
difficulty 


species within the complex. 


combination P. 
Chenopodium album L.., and Spinacia 


encountered in attempting to distinguish 
Our study discloses that. not only do both forms 
eccur on the three hosts mentioned but intermediate 
forms are found on all hosts, and occasionally a single 
specimen will show almost the complete range in 
variation. Not only do the ultimate branches vary, but 
there is no consistency in the presence or absence of a 
basal pedicel] on the conidia. Conidial pedicels were 
present in some collections from each of the hosts 
studied. 
chenopodiaceous hosts 


The oospores present on 


offer no characters upon which to make distinctions 
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(length / width) 
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varied 
from 20 to 50 uy. there being no correlation between 


] oospore size. 


In the nine hosts studied, oospore diameter 


host species anc 

That conidial measurements are not a satisfactory 
criterion for species separation is indicated by the 
figures in Table 2. For example. the mean lengths of 
conidia from different collections of Peronospora on 
Chenopodium album (the host on which the largest 
number of collections was available) include within 
their extremes the mean conidial lengths of all other 
Beta 


Similarly, the 
mean widths of conidia from different collections on 


collections except for the five collections on 
vulgaris L. with the smallest conidia. 
C. album include within their extremes mean conidial 
widths of all other collections except for the two col- 
lections on C. hybridum with the smallest conidia and 
the collection on B. vulgaris with the smallest conidia. 

Being unable to ascertain any suitable or reliable 
morphological differences within the Peronospora com- 
plex on chenopodiaceous hosts, we conclude that, in 
this complex also. only a single species should be 
recognized, namely, Peronospora farinosa (¥Fr.) Fr. 
The synonymy of this species, which is not as exten- 
sive as that of P. parasitica, follows 
PERONOSPORA FARINOSA (Fr.) Fr... Sum. Veg 
193. 1849. 

The synonyms of P. farinosa (Fr.) Fr. are: 
epiphylla Pers., Myc. Eur.: 77. 
Fl. Edin.: 468. 1824: B. 
1832. (BASONYM): B. 


Scand.: 


Botrytis 
1822: B. efflusa Grev.. 
farinosa Fr., Sys. Myc. 3: 404. 


eflusa Grev. ex Desm., Ann. 


Quotient 
VW idth (yu) No. spores 


measured 


Taste 2..-Conidial measurements of collections of Peronospora on Chenopodiaceae 
Length (yu) 
Means Range 
Min Grand Max. Min. 

Spinacia oleracea (24.30) 17.6-32.0 
Beta vulgaris & 21.54 (24.81) 27.69 li J-de0 1.25 
Chenopodium mu- 

rale (24.83) 16.0—32.0 
Chenopodium — hy 

bridum (24.98) 17.6-32.0 
Chenopodium bo 

nus-henricus (26.01) 17.0-34.0 
Chenopodium — sp. 24.88 (26.55) 28.72 20.0-35.0 1.30 
Chenopodium lep 

tophyllum Nutt. (26.68) 20.0-33 
Spinacia oleracea 

I 94.43 (26.92) 28.99 20.0-37.5 1.26 
( henopodium bo 

nus-henricus | 26.23 (26.95) 27.67 22.5-33.: 1.28 
Chenopodium _ hy- 

bridium I 93.94 (27.53) 33.44 16.9-40.2 1.30 
Chenopodium gi 

gantospermum 

Aeller (28.58) 26.2-36.5 
Chenopodium mu 

rale | (29.09) 95.0-35.0 
Chenopodium — al 

bun (29.10) 17.2-40.2 
Chenopodiun il 

bum | 23.83 (29.65) 33.53 20.0-40.0 1.31 


Means Means Range a 
Grand Max. Min. Grand Max. collections * 
(1,22) 19.90) 12.8 25.6 500 (]) 
(1.30) 1.36 17.13 (18.94) 20.88 13.7-23.7 S75) «(15) 
(1.14) (21.63) 12.8-28.8 500 (1) 
(1.46) 17.11) $.0-24.0 500 (1) 
(1.13) (22.86) 16.0-31.0 900 (1) 
(1.34) 140 19.09 20.09) 20.46 16.2-26.2 100 (4) 

1.38) 19.28) 15.0-23.7 25 (1) 

1.37) 1.47 18.08 (19.61) 20.74 15.0-25.0 750 (30) 
(1.30) 1.33 0.4 (20.70) 21.32 16.2-23.7 125 (5) 

1.38 150 17.11 19.88) 22.23 15.3-25.7 150 (6) 

1.46) 19.57) 17.5-21.2 25 (1) 

1.31) (22.17) 16.2-26.2 25 (1) 
(1.53) (19.04) 12.2-27.2 500 (1) 

1.41) 1.58 17.77 (20.98) 23.17 14.6-27.5 895 (33) 


5 spores measured from each collectior by authors: 500 spores measured by Gaumann. 


Measuremenis from Gaumann (15 


Measurements from Gaumann (18 


: 
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des Sci. Nat 1] 
Peronospora rn 


3 B- Pere nospor farinosa ¥1 


1849: Peronospora v1 Schlecht ind Vono- 
sportum chenope = ht.. Bot. Zeit. 10: 619. 1852: 
Peronospora henonpe ( | Bot Zeit 12: 565. 


1854: P. effusa Ces. in Rab.. Herb. Myc., ed. 1. #1880. 
1854 (also Bot. Zeit. 12 0). 1854.): P. effusa Rab. 
x major Casp. and P. ef } minor Casp., Monatsber. 
d. Kgl. Preuss, Akad. d. Wissensch. Berlin 1855: 330. 


1855: P. effusa | Gre 1 By Ann. des Sci, Nat 
(IV) 20: 115. 1863 
#1508 1865 iiso Svmi Mi vi i] 1869 P. hetae 


J. Kuehn. Zeitschr. Landw. Cent. Prov. Sachsen 29: 


276. 1872: P. epipl Pers Pat. and Lagerh.., 
Bull. Soe Mvye FF rar lO 189] P. spinactiae 
Laub., Gartenflora 5 164. 1906: P. farinesa (Fr.) 


Keissl.. Ann. d. K. K. Naturh. Hofm. Wein 25: 229. 
1911: P. vistulensis Wré Bull. Aead. Se. Cracovie, 


ser. B.. 1915: 243. 1915: P. chenopodii-ficifolti Saw., 
Acr. Exp. Sta. Formosa Cir. Pub. 101: 9-10, 15; figs. 
6-10. 1916 (also T. 7 Mycologia 11: 83. 1919.): 
P. boni-henrici Gaut P henopodiu glauct Gaum.. 
P. chenopodii pe permi Gaum., P. chenopodii rubri 
Gaum., P. koch Ga P. litoralis Gitum., P. minor 
(Casp Gaun ind P abuis Gaum Mitteil. 
Naturf. Gesellsch. Ber 118: 62-64. 1919: P. muralis 
Gaum.. P. bohe t Ga P. monolepidis Gium 
and P. amaranthi Gau Beitr. z. KryptogamenFl. d 
Schweiz (4 23 34 A 1923; Pr’ chenopodu 
opulifolii Savul. et R P. tatarica Savul. et Rayss. 
P. atriplicis hastatae Ss t Ravss P atripitcis hor 
tensis Savul. et Rayss 1. chenopodiu urbtict Savul 
et Rayss Ann \I yt} »? Y. 360. 3603 565. 1932: 
P. nitens Oes et Rad ind P. atriplicits tataricas 
Oescu et Radul Ani ‘ de luniv. Jassv 18 127, 
129. 1933; P. at . Savul. et Rayss, Bull. 
Soc. Myc. France 50: 9 1934: P. chenopod il 
variae Savul. et Rays 1 P. objtor 5 ictherae 
Savul. et Rayss. Ar Vl ac. ke ay oo 

DISCUSSION Aly rt] ‘ po STs ilmost universally 
accept the species the fundamental taxonomic unit 
the lack of agreement and understanding regarding 
what constitutes a spe s been a major source oft 
contusion Hatch 20 fined a species as being 
“composed of those = spe ens which upon examina 
tion the taxonomist be es to he cospecife The 
vagueness of this definit s characteristic of most at 
tempts to delimit 

Organisms at i é lutionarv levels differ so 
greatly that specialist lifferent groups inevitably 
develop their own specie mcepts Bacterial species, 
for example i! defined primarily on biochemical 
characters. whereas. in the Aj cviosperms morphologi 
cal characters are em] 1 almost exclusively Viv 
cologists have tilized vsiology sup] lemental to 
morphology, to delin ecies primarily imong the 
parasitic fungi. Too ofte vsiologic (host) speciali 
zation has heen assumed exist and considered a use 
ful criterion for disting hing species, without con 
sidering the degrees of vsiologic specialization or 


Bot. Zeit. 5: 314. 1847. (p. 


Sum. Veg. Scand 193. 


P_ schacht Fekl ung rhen. 
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types of parsitism that exist in different groups of the 
tung! 

For the purposes of this discussion, the parasitic 
lungi may he divided into 2 groups, the obligately 
parasitic fungi and the non-obligate parasites, which 
at some state in their life cycles characteristically live 
as facultative saprophytes. Among the obligately 
parasitic fungi, host specialization has obviously de. 
veloped to a much higher degree than in most non- 
obligately parasitic fungi. In the Uredinales, Ustila- 
ginales (strictly speaking, and depending partially on 
definition, the Ustilaginales are not obligate parasites, 
but nevertheless they exhibit a high degree of para- 
sitism), Peronosporaceae, and Erysiphales, CTOSs- 
inoculation studies have repeatedly demonstrated dif. 
ferences in host specificity for morphologically similar 
isolates. The type of parasitism exhibited by these 
fungi supports the hypothesis that these fungi have 
evolved in intimate association with their respective 
hosts, becoming progressively more highly specialized 
in their parasitism and more limited as to host range. 
In such groups it seems justifiable to utilize physio- 
logic specialization in conjunction with. but still sub- 
ordinate to, morphology in delimiting species (12). 

The host ranges of the majority of the non-obligately 
parasitic fungi have not been ascertained. Mycologists, 
perhaps by analogy with the obligate parasites, ap- 
parently have often assumed a higher degree of host 
specificity in these fungi than actually exists. and con- 
sequently have described large numbers of species in 
genera such as Alternaria, Cercospora, Colletotrichum, 
Fusarium, Phoma, Phyllosticta. Septoria, ete. Cross- 
inoculations and cultural studies such as those of 
Johnson and Valleau (24). on Cercospora, Snyder and 
Hansen (39), on Fusarium, Neergaard (28), on AL 
ternaria, and Tiffany and Gilman (45), on Colleto- 
trichum, indicate that host specialization is more sup- 
posed than actual. Such studies reaffirm the impor- 
tance of morphologic characters in delimiting species 
in these groups of the fungi. That relatively few mor- 
phologic species exist in such genera is indicated by 
von Arx’s (2) recent treatment of Colletotrichum, in 
which only 11 species are recognized. 

The premise that criteria may vary in their taxo- 
nomic significance in different groups of the fungi is 
actually strengthened if the criteria found useful in 
one group of the fungi prove unsatisfactory when ap- 
plied to another group of the fungi exhibiting a differ- 
ent type of parasitism. Such is the case when the 
criteria suggested by Fischer and Shaw (12) are ap- 
plied to a genus such as Colletotrichum (45). 

let us now consider what course should be followed 
in a taxonomic treatment of the Peronosporaceae, a 
family of obligate parasites. Three possible  ap- 
proaches are discussed below. The authors’ decision 
regarding which of these was the proper one to adopt 
has been strongly influenced by the various considera- 
tions set forth above. 

If biological specialization is accepted as a satisfac- 
tory criterion for distinguishing species in the obligate- 
ly parasitic fungi, and if one wishes to assume that 
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this phenomenon, which has been demonstrated most 
clearly in the Peronospora parasitica complex (13), 
eccurs in much the same manner throughout the 
Peronosporaceae, it is merely necessary to coin a new 
binomial each time a downy mildew is found on a new 
host species. Publication of a description giving the 
host binomial and sufficient characters to indicate the 
generic position of the downy mildew would seem ade- 
quate for effective and valid publication under this 
procedure. More complete descriptions, giving average 
spore measurements and attempting to describe the 
structure of the conidiophores in detail, almost cer- 
tainly would have to be revised the next time the fun- 
gus was studied on this host, particularly if the first 
description was based on a single specimen. 

The authors object to a taxonomic treatment of the 
Peronosporaceae that plac es such emphasis on biologi- 
cal specialization. In at least one instance among the 
downy mildews, relatively little host specificity has 
been demonstrated. Hoerner (22) showed that Pseudo- 
peronospora humuli (Miy. & Tak.) G. W. Wils., be- 
sides infecting many varieties of cultivated hops 
(Humulus lupulus L.) and H. japonicus Sieb. & Zucc.., 
can also infect species of Cannabis, Celtis, and Urtica 
See also Salmon and Ware (33) Hoerner suggested 
that P. urticae (Lib. ex Berk. & Br.) Salm. & Ware, 
P. cannabina (Otth) Cruzi, P. celtidis (Waite) G. W. 
Wils.. and P. humuli may all be physiologic races of 
one species, 

Secondly, the host species cannot be considered the 
unit that determines host specialization. Gaumann 
(13) himself reported infection of Brassica rapa as 
well as B. oleracea with conidia from the latter. Fur- 
thermore, the existence of both susceptible and _re- 
sistant varieties within many host species and the 
variation exhibited by different isolates of a single 
parasite indicate variability of both parasites and hosts 
below the species level. Whether infection will or will 
not result from a given inoculation would seem to de- 
pend rather on the genotypes of the host plants inocu- 
lated, and the genotype of the particular strain of the 
pathogen being used (as well as on the environal con- 
ditions). In a number of species of the rusts (40) 
and powdery mildews (29), experiments on_ host 
specialization have progressed to the point where dis- 
tinct races of a given parasite can be identified on the 
basis of their pathogenicity to a small number of varie- 
ties of the host. As yet, however, little work of this 
nature has been done with the Peronosporaceae 
Felton (10) pointed out that the forms of Peronospora 


parasitica on cabbage studied by him do not coin ide 


with either those of Gaumann (13) or with those of 
Hiura and Kanegae (21). The demonstration of 
heterothallism, as well as homothallism and intermedi- 
ate conditions. by de Briiyn (5). in P. parasitica on 
cabbage. indicate genotypic variation of the parasite. 
Wang (48) established 3 varieties within P. para- 


sitica: viz. brassicae on Brassica, raphani on Raphanus, 


and capsellae on Capsella, Within P. parasitica vat 
brassicae he differentiated 6 races, distinguishable by 


their effects on ordinarv cabbage (B. oleracea var 
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capitata L.), Chinese cabbage (7B. pekinensis Rupr.), 
B. juncea Coss., and swede (B. napobrassica Mill.). 

In another species, P. manshurica (Naum.) Syd., 
Lehman (26) recently distinguished 4 new races, 
bringing to 6 (plus 2 subraces) the total number of 
races recognized within this species. These races and 
subraces can be distinguished from one another by the 
reactions to infection of 10 differential varieties of the 
host. 

Finally, such a treatment does, of necessity, lead to 
the adoption of essentially a trinomial system of 
nomenclature at the species level. Many of the names 
erected by Gaumann, Savulescu, Rayss, and others are 
trinomials, e.g.. P. lepidii sativi Gaum. (13), and P. 
rumicis rosei Rayss (31). As the hyphen was con- 
sistently omitted, it can be argued that “the Linnaean 
system of binary nomenclature for species was not con- 


sistently employed” [25, Art. 70(5) 


At the opposite extreme, a second possible method 
of treatment would reduce the number of species in 
the Peronosporaceae to a very few. If species were 
based on morphologic differences alone. the number of 
species would be reduced to less than half the number 
treated by de Bary (3) almost a century ago. This 
type of treatment, which has yet to be attempted, is 
considered almost as impractical as that based solely 
on host specialization. The chances of its being ac- 
cepted by other workers seem remote indeed. The 
main objection to it is that it overlooks entirely the fact 
that the group under consideration does consist of 
obligate parasites. In the absence of consistent mor- 
phologiec differences, those “strains” found by inocula- 
tion studies to be limited to a single host species are 
justifiably considered to be more closely related to one 
another than to “strains” occurring on other species of 
the same host genus; those occurring on species of 
the same host genus may be considered more closely 
related to one another than those occurring on species 
of different genera of the same host family: and 
finally those “strains” occurring on host species within 
one host family may be considered more closely related 
to one another than to “strains” occurring on species 
belonging to other families of hosts. The latter state- 
ment is justifiably derived from the hypothesis that 
obligate parasites have evolved together with their 
hosts, becoming progressively more highly specialized 
physiologically (both in their degree of parasitiism 
and their host specialization) but undergoing essen- 
tially no morphologic change. If, in groups of the 
fungi consisting of obligate parasites, species are 
differentiated solely on morphologic characters, one 
of the most obvious indicators of relationship is over- 
looked. 

\ third procedure, intermediate between the two 
discussed and rejected above, is recommended by the 
iuthors. We believe it yields a natural system of clas- 
sification both for the Peronosporaceae and for other 
groups of the fungi consisting of obligate parasites or 
of parasites exhibiting a high degree of host specializa- 
tion. At the same time it retains the species as the 


basic taxon, within which infraspecific taxa (varieties, 


cia 


oy 
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and forms or races) Cal erected if considered neces- 
sary. The concept proposed essentially the same as 
that proposed by Fischer ind Shaw (12) lor the 


Ustilaginales. 

Arbitrarily the 
When 
the 


into considera- 


taken 


issignable to the 


host fan ily is 


tion. downy mildews same 


genus of Peronosporace ie occur on hosts within 


the same family, but differ morphologically from one 
another. and when intergrading morphologic forms are 
not found, these entities are considered distinct spe 
cies. If. however. the range ol morphologis variation 


on a single host includes within its limits the variations 


material 


found on other hosts of the same family. all 

is referred to the same species. Or, if the material 
from various hosts within a single family appears to 
form a gliding. overlapping series, again it is referred 


to a single species 


Initially. of course, material different 


irom two 


dis- 


hosts helonging to the ime family may appear 

tinct, particularly if only a single specimen from each 
host is available. The results of our studies, however, 
as well as those of Clayton and Stevenson (7) and 


others. indi ife that it the ipparent differences are 


in the size and sh ipe oO condia Or conidiophores, 


the study of additiona iterial on both these and 
other related hosts trom nerous low ilities will Ustl- 
allv disclose either a completely integrated series of 
minor variations or such extreme variation on one or 
all the hosts involved that the supposed diagnostic 
differences are longer discernible 

The logical sequence | idoption of suc ha spe- 
cies concept is the erection of infraspecific taxa within 
both P. farinosa and P asitica. Certainly, such 


Perono- 
host 


mocien of the 
knowledge ot 


oposed in this 


taxa are needed witht 
sporaceae to indicate ou esent 


t 


Infraspecify taxa are not pl 


specificity. 


paper, he ause the nomenclat iT il problems involved 
in determining the ( re a | thets are considerable, 
and because it is believed that additional cross inocula- 
tion studies should precede such iction 
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IN VIRUS INOCLULATIONS ! 


t. C. Lindner and Hugh C. Kirkpatrick 


SUMMARY 


By using an airbrush, a refined type of atomizer, 
a 10- virus in- 
eculations was achieved over conventional inocula- 
Successful inoculations may thus be 
made with inoculum diluted 10- to 20-fold more 
than conventionally. This technique may be of 
value with viruses that occur in low titer. Variabili- 
tv in lesion counts between cotyledons is less with 
14 as many repli- 


to 20-fold increase in efhciency of 


tion methods. 


airbrush inoculations. and only 


cates are required for quantitative work. The opti- 
mum conditions for using the airbrush on cucumber 
cotyledons are: 1) 1l-cm distance of airbrush nozzle 
to leaf 


3) inoculum 


atmospheres ail! 
rate of 10 


oculation time of about 4 seconds to cover cotvledon 


surface, 2) 4 pressure, 


delivery ml/min., 4) in- 


( 


completely, and 5) 1% by weight of 600-mesh car- 


borundum in the inoculum. 





Cucumber is a host for a number of viruses, and it 
host 
Previous studies in 


convenient to use it as a local-lesion 


Is often 
(tobacco mosaic virus). 


for TM\ 
) 


this laboratory (2) have demonstrated the extreme 


methods in 


cucumber 


conventional inoculation 
local TMV starch 
The problem is similar to the one with 
With the inocula- 


injure 


inefhiciency of 
producing lesions in 
cotvledons. 
necrotic local lesions in other hosts. 


used, it was necessary to some 
in order to obtain a maximum num- 
(mong in- 


efhiciency 


tion methods 
cells excessively 
ber of lesions from the remaining cells. 
vestigations toward improving inoculation 
was a study of application of inoculum by spraying 
first 


and Richards 


techniques. Duggar and Johnson (1) were the 


to use an atomizer for virus inoculations, 


and Munger 


(3) adapted this technique for large- 


‘Accepted for publication March 15, 1959. 
Scientific Paper No. 1798, Washington Agricultural Ex 


periment Stations, Pullman. Project No. 865. 


scale inoculations. Herein is reported a method that 
greatly increases the efficiency of virus inoculations by 
spray application. 

Meruop. 


atomizer: the one used in this work was a Paasche “H 


An airbrush is simply a refined type of 


3-in-1” artist’s airbrush with an 80-ml glass reservoir. 
Methods of preparing inoculum and handling cucum- 
ber test plants were those used previously (2). 

The 
are: 1) 
test plant, 2) air 
+) amount and type of abrasive, and 5) length of time 
Each of these variables was 
other 


important variables in airbrush inoculations 


distance of airbrush nozzle from surface of 


pressure, 3) size of liquid orifice, 
test test leaf is sprayed. 


singly and in combination with 


Fig. ] effect of 


on lesion counts with the other variables at an optimum 


investigated 


variables. shows the each variable 


for infection. 
Since distance between the nozzle and the plant 


l-hole 


surface is critical. it was controlled by fitting a 
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cork over the nozzle so that the distance from the — pletely with inoculum. This required about 4 seconds, 
orifice to the end of the cork was exactly 1 em. The and gave the maximum number of lesions. 

air escape from the airbrush nozzle provided an “ait The optimum conditions for TMV infection of 
cushion,” so that the ork itself did not rub the cucumber cotyledons were: 1) l-cm distance between 
cotyledon surfac The e in the cork was flanged airbrush nozzle and leaf surface. 2) 4 atmospheres air 


outward so as not to impede the flow of inoculum 

The size of the liquid orifice was calibrated in terms 
of rate of water delivery in ml/min. Flow for maximum 
lesions was optimum at about 10 ml/min., which was 
equivalent to 144 turns of the control knob 

Relatively few lesions were produced when inoculum 
was used without abrasive It was hoped that, with 
enough pressure, the I particle itself might serve 


as its own abrasive However, this was not achieved 


with the equipment used. The 600-mesh carborundum 


proved more satisfactory than other abrasives tested. 
Celite clogged the orifice fale or calcium carbonate 
(precipitated) gave only about 10 as many lesions 


as carborundun 


Four passes of the airbrush, in a direction parallel 


to the mid-rib. were required to cover a cotvledon com 


] A B 
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Fig. 1. A) Effect of f airbrush n le from 
cotvledon surface on 1 I f TMV\ esions per 
cotvledon B) Effect | A ssure on relative number ot 
MV lesions per ion. C) Effect of carborundum con 
centration in the in relative number of TM\ 
lesions per cotyledon. D) Et f number of passes (about 
1 per second) t l-rib, on rela 
tive number of TM\ vledon. E) Effect of 
liquid orifice size ive f TMV sions per 
cotyledon. F) Ef rM\ ratio! relative 


number of lesions 
= mug/ml) 


inoculum delivery rate of 10 ml min., 


weight of 600-mesh carborundum as ab- 


pressure, 3) 
1) 1% by 
rasive. and 5) inoculation time of about 4 seconds to 
cove! cotvledon completely. 

The effect of varying the inoculum con- 


TMV on the 


cotyledon is shown in Fig. 1-F. 


RESULTs. 
number of lesions per 
It will be noted that, 


with the airbrush, sensitivity is increased about 10-fold 


centration of 


over the conventional rubbing inoculation with a cloth 
10-fold increase in maxi- 
s| he 
lesion curve fits precisely the formula previously for- 
(pVaXsfC) (1+pVaXL)"!. 
The difference in the lesion curves in the two inocula- 
term 


pad. There is a concomitant 


mum numbers ot lesions produced per cotyledon. 
mulated (2), where ¥ 


tion methods lies in the “sf” term, which is a 


for inoculation efhciency. where “s” represents the 


fraction of susceptible epidermal cells, and “f” rep- 


resents the fraction of epidermal cells injured properly 


The data (Fig. 1-F) indicate that inoculation efficiency 
by the rubbing method was 1.75 (sf 0.0175), 
whereas eficiency by the airbrush method was 19.6% 
(sf 0.196). representing an 1l-fold increase in 


inoculation efficiency. In other experiments, inocula- 
tions made with the airbrush gave inoculation efficien- 
cies varying from 20 to 30°67. The highest efficiency 
in a single test was 40.3%. 

between cotyledons is 
The coefficient of 


for airbrush inoculations. vs. 


Variability in lesion counts 


less with airbrush inoculations. 


variation was about 33% 
rub-inoculations. 


97% for Thus, for equal precision, 


only 13 as many replicates would be required with 
airbrush inoculations. 
Although the markedly 


tion efficiency, variation in cell susceptibility remains 


airbrush improves inocula- 


an important factor. Moreover, the apparent influence 
of environmental factors on cell susceptibility appears 
to be affected by the Diurnal 
variation in susceptibility is less when the airbrush 
(100 20% 

Shading rub-inoculated test plants before 
90% (2). 


inoculation method. 


is used with rub-inoculation vs. with 


airbrush) 
inoculations reduced susceptibility about 
Shaded 


0 more lesions than 


plants ineculated with the airbrush showed 


unshaded controls. However, 


) 


when test plants were grown at 32°C before inocula- 


tion instead of the usual 21°C, susceptibility was 
reduced about 90°. close to that of rub-inoculated 
plants. Likewise, when test plants were chilled for 2 
hours befere inoculation at 2°C, susceptibility was 


reduced about 80°. Thus the apparent effect of light 
on cell susceptibility was influenced by the inoculation 
method, but that of temperature was not. 

TM\ 


viruses 


The effectiveness of the airbrush in inocula- 
stable that 
Duplicate lots of inoculum pre- 


tions prompted trials with less 


occur in lower titer. 
pared from cucumber cotyledons infected with stone- 


fruit ring spot virus vielded 16 times as many starch 








a 





\ ol. 19 
econds, 
ion of 


etween 
‘res air 
| min. 
as ab- 
mds to 


mm con- 
ns per 
d that, 
10-fold 
i cloth 
maxXi- 

The 
ly for- 
AL), 
ocula- 
) term 
ts the 
- rep- 
yperly 
clency 
175), 
19.6% 
ise in 
ocula- 
heien- 
iency 


ms is 
nt of 
IS. VS. 
ision, 
with 


cula- 
nains 
lence 
pears 
urnal 
rush 

with 
etore 

(Zs 
owed 
ever, 
cula- 


was 


lated 
for 2 
was 
light 
ition 


‘ula- 
that 
pre- 
one- 


arch 








) 
. 


August, 1959 LINDNER AND KIRKPATRICK: VIRUS 


lesions on cucumber cotyledons with the airbrush than 
with rub-inoculation. Serial dilutions of this inoculum 
eave an end-point with the airbrush at a 10-fold 
anduiies dilution than with rub-inoculation. Similarly, 
ot the inoculum of this virus was prepared directly 
from sour cherry petals, starch lesions produced on 
cucumber cotyledons were 26 times as great when in- 
eculated by airbrush. An unidentified virus was trans- 
ferred from raspberry to cucumber, and airbrush 
transfers of this virus from cucumber to cucumber 
in cucumber as 


gave 15 times as many starch lesions 
transfers by conventional inoculations. Thus, when 
cucumber is the test plant, airbrush inoculations can 
probably be achieved with virus titers that are 1] 10 to 
1/20 those of conventional inoculation methods. This 
mav be of considerable importance when working with 
viruses of low titer. 

Discussion.—A 10- to 20-fold increase in efficiency 
with airbrush inoculations is apparently achieved by 
increasing the number of epidermal cells that are 
properly injured, and by reducing the effect of ex- 
cessive injury on cell susceptibility. Excessive injury 
to the test plant is virtually eliminated, as evidenced 
by visual examination of airbrush-inoculated cotyledons. 
Still greater efficiency might be achieved if the car- 
borundum were eliminated and the water droplets in 
the spray reduced to about 1 » in diameter. The water 
droplets themselves might serve as an abrasive if 
applied with sufficient velocity. This was not possible 
with the equipment used. Microscopic measurement 
of ink droplets applied with the airbrush indicated a 
mean diameter of 29.3 », ranging from 4 to 96. The 
area covered by the average droplet was thus 78° of 
the area of the average cucumber epidermal cell (2). 
To obtain spray droplets of 1» diameter and with 
sufficient velocity to penetrate an epidermal cell would 
probably require specially designed equipment. 

Previous studies have indicated that one carborun- 
dum particle per epidermal cell gives the injury op- 
timum for infection (2). With rub-inoculation, this is 
achieved with 5° by weight of 600-mesh carborundum 
in the inoculum. Since 1% carborundum was optimum 
in airbrush inoculations, it was of interest to calculate 
the mechanics involved. Since 600-mesh carborundum, 
with a mean diameter of 7.8, contains 6.64105 
particles per gram. there will be an average of 1 car- 
borundum particle per 11.6 droplets of inoculum when 
1© carborundum is applied with the airbrush This 
figure was confirmed by spraying 1° carborundum 
in a solution of fluorescein on a glass slide and micro- 
scopically counting the number of dried droplets con- 
taining carborundum particles. 

It is possible to approximate the average size of the 
infection site if one assumes there is but 1 infection 
site per cell. The dilution curve indicates that lesions 
are produced in maximum numbers at about 10 pg 
TMV per ml. With randomly distributed TMV, each 
TMV particle at this concentration occupies a volume 
of 8.2 ,° of inoculum. If one visualizes the infection 
site to be the drop of cytoplasm that momentarily 


protrudes through a wound (2). then the chances of 
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capture of a TMV particle should be proportional to 
the volume of inoculum momentarily displaced by the 
infection site. Since there is 1 carborundum particle 
per 11.6 droplets of inoculum, and each droplet covers 
78° of the epidermal cell area, it may be expected 
that the odds of a capture are 9:1 at any given spot 
on the cell. When each TMV particle occupies a 
volume of 8.2 y* of inoculum, the odds of capture must 
be 1:1, for maximum numbers of lesions are formed 
at this concentration. Therefore, the volume of the in- 
fection site must be 8.2 u°/9 = 0.91 3%. This figure is 
quite close to that of 0.87 »°, calculated previously 
from rub-inoculated cotyledons (2). 

The apparent effect of light on host susceptibility 
depends on the inoculation method, but the effect of 
temperature is independent. Therefore, these environ- 
mental factors for susceptibility must influence dif- 
ferent mechanisms. If the infection site is the drop of 
cytoplasm that momentarily extrudes through a wound 
of optimum size, it is likely that chilling plants before 
inoculation reduces susceptibility by inhibiting such 
extrusion. This may also be the case when plants are 
grown at 32°C before inoculation. The effects of light, 
however, must be more indirect, and the mechanism 
involved must be affected by the amount of inoculation 
injury. Virus inhibitors have been reported in 
cucumber tissue (4, 5, 6); and, in our work, when 
TMV was applied in a buffered cucumber leaf extract, 
about 50% fewer lesions were produced than when 
TMV was applied in the buffer alone. The concentra- 
tion of such inhibitors may be influenced by light, and 
they may reduce infection when cells are excessively 
injured during inoculation. Other factors, such as 
thickness of epidermal cell wall and amount of cutin, 
may also be involved. 
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WOOD DECAY OF THE GRAPEVINE 
SI 
The amount ecay in trunks and branche 
of grapevines in California was correlated with in- 
cidence of black 1 From symptomatology 
etiology. and mntro ck measles was concludec 


to indicate the 





AND TTS RELATIONSHIP WITH 


BLACK MEASLES DISEASE! 


Luigi Chiarappa * 


ithologh1 


MMARY 


1 


il condition of the 


arlius and a Cephalosporium sp. were found to be 


prime pathogens. The morphological and cultural 


characteristics of these two organisms and of 
Stereum hirsutum were investigated. From these 


studies and parallel pathogenicity tests it was found 


that the wood decay was erroneously ascribed in 





vine described in Europe as “esca,” or “apoplexy.” France to S. hirsutum or to a similar species, S, 
Several different genera of fungi were isolated from necator. The validity of the latter spec ies is ques- 
decaved wood ti es Of these. only Fomes 12Z7il- tioned. and its rejection is proposed, 

INTRODUCTION Lotting he heart and sapwood mycelium was always associated with diseased tissues 
of the trunks and arms rapevines appears to harm of apoplexed vines, indicating the parasitic nature of 
production and viney ngevity. Even though such the disorder. Sporophores found by Ravaz (31) on 
internal decay has f vn tor many vears. the apoplexed grapevines were tentatively identified as be- 
problem has received tention, probably because longing to the fungus Fomes igniarius (L. ex Fr.) 
economic losses from wor have never been experi-  Kickx. Pathogenicity tests conducted with this organ- 
mentally demonstrated. S 1 demonstration would ism were unsuccessful (31). In 1909. Vinet (39) re- 
be extremely difficult ise of the nature of the corded for the first time the presence of Stereum 
disease and the interfer of many extraneous fae- hirsutum Willd. ex Fr. on vines showing esca symp- 
tors. Much more cons has been given to the toms in Anjou (France). Microscopic studies of this 
association of trunk rot the pathological condi organism within host tissues were made by Rives. in 
tion of the vine know lack measles, Spanish 1921 (33) and again in 1926 (34). In 1922. Gard 
measles, or esca. The itology of this disease (15) reported resupinate forms of F. igniarius from 
is more apparent, and ct of econon losses grapevines with internal trunk decay in the southwest 
is dire tly measur l ed yields In various ot France. These forms were considered morpho- 
vinevards of the 2 Valley California. logically different from isolates ot the same organisms 
annual losses from sles are the range of obtained from oak. acacia. and various fruit trees. 
11-25%. The varietal name F. igniarius (L.) Fr. var. viticidus 

This study was icted obtain information on was then proposed by Gard. Patouillard (28). how- 
the organisms causit d decay of the grapevine’ ever, on re-examining some of the sporophores col- 
and to determine the relationship with black measles. lected by Gard. observed none of the reported mor- 

REVIEW OF THI ITERATUT Some ittention was phologic al differences, and therefore discounted the 
given to wood rot of the vine in France around the turn — validity of the new variety. In 1926. Viala (38). in 
of the century. The gators were primarily con- in extensive monograph on the history, distribution, 
cerned with a disease known variously as folletage symptomatology, and control of esea. reported some 
apoplexy. ind es¢ thological condition mani of the results of his studies of trunk rot and its causal 
fested in a sudder bearing vines or vine organism. He admitted that F. igniarius could attack 
parts in midsun foll d by deat! \ milder the vine, but believed such attacks were exceptional. 
form of the disease racterized by the appear- He mentioned that he had never been able to obtain 
ance within interveinal ( f chlorotic, yellow- cultures from fruiting bodies of F. igniarius collected 
ish islands, which lat necrotic, Vines affected on grapevine trunks. Viala believed that a basidiomy- 
by the mild form sometimes remained alive for several cete in the family Thelephoracea was the main cause 
years. The cause of lisease is not known (5 of the decay. This fungus was considered to be either 

As early as 1873 de Re 1 (36) observed that the a botanical variety of S. hirsutum or an entirely new 
wood of folletage-diseas = was almost entirely species, called S. necator Viala. Separation of this 
decayed, and that cryptogamic vegetation was abun- — species was based on its parasitic physiologic speciali- 
dant in rotted \ssociation of internal wood zation on the vine and on a few morphologic charac- 
decay with the disease was nfirmed by Ravaz (30), ters. Sporophores of S. hirsutum from oak were used 
who, in histologi studies, observed that fungus for morphologic comparisons with the grape isolates. 

Rives (35). also in 1926, reported that the organism 

Accepted for pul VN 16. 1959 isolated by Viala was indistinguishable from S. hirsu- 

Research support y Di o Fruit corporation, ‘tum, and not necessarily a new species. 

San Francisco, Calif No critical studies on wood decay of the grapevine 

Formerly Rese > Departme of Plant have since been made. Most of the reports in the re- 
Pathology, University { i. Dav ind now Plant : : 

Pathelaviet Research D Di Giorgio Fruit Corp. cent literature deal with the occurrence and control of 
oration, Di Giorgio, ¢ esca in growing areas throughout the world. S. neca- 
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Fig. 1. Various types of leaf symptoms of black measles. 
A B) Interve inal chlorosis and necrosis of Thompson Seed- 
less leaves. C D) Clearing, puckering, and distorted growth 
of leaves of the Thompson Seedless variety. E F) Leaves 
of the variety Kandahar showing numerous small, necrotic 
areas that give the leaf a metallic-bronze cast. 


tor, S. hirsutum, and. in a few cases, F. igniarius are 
referred to as the causal organisms. 

The only report of heart ret of grapevines in Cali- 
fornia is by Bonnet (4). who observed some correla- 
tion between occurrence of trunk rot and_ black 
measles symptoms without making any attempt to 
identify the organisms involved in the decay. Bonnet 
suggested that the common form of black measles was 
identical, or closely related. to the disease known in 
European literature as apoplexy, or esca. Bioletti (3) 
compared black measles to water berry and other vine 
troubles related to overproduction. 

SYMPTOMATOLOGY OF BLACK MEASLES. Black 
measles in California appears in severe and mild 
forms. The severe form is frequently encountered dur- 
ing the earliest part of the growing season (May 
June). It is characterized by a sudden apical dieback 
of one or more shoots, accompanied by leaf dropping 
ind the shriveling, bronzing. and drying of fruit clus- 
ters. Leaves that do not drop show various patterns 
of necrosis and bronzing. New growth frequently o 
curs from the axillary buds of the proximal. unaffected 


portion of the shoot. soon masking the early symptoms. 


In severe cases diseased shoots may die entirely 
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Che mild form of black measles is more common in 
California vineyards. Symptoms may develop through- 
out the growing season, with highest frequency in July 
and August. Leaf symptoms are extremely variable. 
The most typical consist of small chlorotic areas, which 
develop between the primary veins and gradually en- 
large, becoming necrotic. In advanced stages of mild 
black measles, the only green tissue left borders the 
main veins (Fig. 1-A.B). In colored varieties of 
grapes, a dark red margin surrounds the interveinal 
necrotic zones. Less common leaf symptoms are a 
clearing of the veins and interveinal tissues, puckering. 
and a general glistening confined to limited areas of 
the leaf blade. These confined areas later become 
necrotic, with the rest of the leaf remaining normal. 
Young leaves thus affected become considerably dis- 
torted as they grow (Fig. 1-C,.D). Some leaves, how- 
ever, show no chlorosis or clearing; their normal green 
is merely replaced by a scattering of numerous metal- 
lic-bronze areas over the entire leaf surface (Fig. 1- 
EF). 

Fruit symptoms consist of dark, purple spots scat- 
tered over the epidermis of the berries (Fig. 2), ap- 
pearing any time between fruit set and ripening. The 
entire cluster may be affected, or only one side, or just 
a few berries. Severely affected berries sometimes 
crack and dry on the vine, but may remain fully 
turgid until maturity. 

Spotted fruit of certain varieties, such as Emperor, 
Red Malaga, and Thompson Seedless, have a slightly 
pungent, aromatic, and very characteristic flavor 

Fruit symptoms may be present without leaf symp- 
toms. and vice versa. One or more shoots or canes may 
be diseased, or the entire vine. Symptoms may be 
present one year, and absent the next. Only a very few 
vines show symptoms for several years in succession 
(19). 

Diseased vines are often uniformly distributed in 
the vineyard. Vines 15 years old or older are most 
severely affected. The disease is known to occur 
throughout the major growing areas of California. 

CORRELATION BETWEEN BLACK MEASLES AND WOOD 
pecay.—A Red Malaga and a Thompson Seedless vine- 
yard in the Delano area of the San Joaquin Valley 
were selected for this study. Records of disease oc- 
currence for individual vines over a 6-year period were 
available at the Department of Plant Pathology at 
Davis (19). Six Red Malaga and four Thompson 
Seedless vines with a known history of black measles 
were selected at random during the summer of 1956. 
The following winter they were cut at the soil level 
and brought to Davis. Trunks and lateral branches 
were sectioned, and the amount of decay was meas- 
ured. Decayed wood appeared soft and spongy (Fig. 
s). and of a light vellowish color typical of the rot 
produced by lignin-dissolving fungi. The incipient de- 
cay. as observed in median, longitudinal, and cross 
sections, was bordered throughout by a brownish dark 
zone of irregular width and outline. Fine, irregular 
brown lines were observed within the spongy tissue. 
Both heart rot and decay of sapwood were present. 
Wider decayed areas were found in the upper region 
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of the trunk, where p wounds are present in measles (Table 1) had only light decay or none. In 
greatest concentratio! FF cases, the decay grad contrast, vines that showed disease symptoms in any 
ually became narrows ward the base of the trunk. of the years 1951-56 had medium or severe wood rot. 
No butt rots were observed Intensity of symptoms in 1956 appeared unrelated to 
Sectioned vines we i ed nto 3 arbitrary cate- the amount of de ay. 
gories on the basis of decay in the main trunk: Severe Removal of decayed trunks and arms of black- 
Rot extending from the top to near the crown of the measles-diseased vines resulted in total disappearance 
vine and reachin ¢ e sapwood transversely in of the symptoms. This was determined by cutting 10 
more than one area. M Rot not reaching the vines back to the soil line in the winter of 1956, and {| 
crown, and invol u pwood in only one region. 155 vines the following winter. The following spring, 
Light Rotted areas fined to limited zones, and not one water sprout was allowed to grow from each of : 
reaching the sapwood a point the decay-free old crowns and trained onto a_ stake. : 
Randomly selected with no histery of black None of the 96 vines obtained in this manner showed 





pe 


Ss * 


-? 








C 





Fig. 2. Fruit sympt - of black measles disease. A) Normal fruit cluster of Thompson Seedless at maturity. B) 
Mature cluster of the same riety showing spotting of the berries. €) Berries of Thompson Seedless displaying in- 
creasingly severe spotting and bronzing. The berry at the upper left is normal, those at the lower right show drying 


and cracking 
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the “head” region, and no decay at the crown level 
canisms, B) Detail of a sectioned “head.” 


within the rotted area The punk in the section at the right has been removed to reveal depth of decay 


August, 1959 CHIARAPPA: WOOD DECAY OF 


disease symptoms by the end of 1 and 2 growing 
seasons. All these vines had had black measles symp- 
toms in any of the years 1951-56. 

Sodium arsenite as a dormant spray Is known to be 
effective in controlling black measles. For good re- 
sults. the solution must be applied to the entire sur- 
face of the trunk and arms, and must thoroughly wet 
Whether the same 
effect could be obtained by appiying the same ma- 


the old pruning wounds (4, 18, 38). 


terial to the soil around the vines or within the decayed 
areas of the vines themselves is not known from the 
literature The effectiveness of these treatments was 
investigated in 2 separate experiments. 

[The soil spray application, carried out in a com- 
mercial Red Malaga vineyard in February, 1957. con- 
sisted of spraying a portion of the soil in the middle 


row and around the base of the vines so as to imitate 


Fig. 3. Internal trunk rot of a Thompson Seedless vine. 
Arrows indicate probable points of entry of wood-rotting or- 
showing the typical white, spongy decay, with zone lines at the margin and 
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a dripping of spray material during commercial appli- 
cations. The spray concentration, expressed as arsenic 
trioxide, was the recommended 2.7 lb. of active ma- 
terial per 100 gal. of water, applied at the rate of 350 
gal./A. Symptom readings in September, 1957, showed 
no reduction of black measles. 

Eleven Red Malaga and 10 Thompson Seedless vines 
were used in a parallel test in which 1—4 liters of a 
solution of sodium arsenite (5 ppm of active material) 
were injected into the center of rotted areas within 
the main trunk. The method of injection was similar 
to that described by Brooks and Moore (6 Injec- 
tions were made in March, April, and May, 1957. 
About half of the treated vines developed disease 
symptoms, in line with expectancy of black measles 
occurrence in any 2 consecutive years in vines with a 


long disease history (19) It was concluded that 





A) Sectioned trunk exhibiting the widest decayed areas in 
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7 ABLI l. Re itior f measles occurrence to the in- 
ternal trunk decay Thompson Seedless and Red 
Valaga Lirie 


Black " 
nistory n sy nptom 
Variety and of ve intensity Trunk decay 

vine number sequel 1956 index 
Red Malaga 

] f Mild severe 

2 } Severs Severe 

} } Mild Severe 

1 2 Mild Severe 

5 Z Mild Medium 

6 fT None Light 
Thompson Seedless 

7 ) “severe “evere 

8 U None Light 

gy Severe Medium 

10 () None None 

Severe—rot extended from the top to near the crown 

and involved apparent live sapwood; medium—rot did not 
extend to the crown and involved live sapwood at only one 
location: light—-rot confined to limited areas, mostly heart- 
wood. 
arsenic inside the decayed wood was not effective. The 
efficacy of the chemical therefore appeared to depend 
on the amount absorbed through pruning wounds of 
cracks into the live sapwood of trunks and arms. This 
suggested some neutralizing action of arsenic, either 


on the activity of wood-rotting fungi or on some toxic 

metabolites liberated during the decay process 
ISOLATION, MORPHOLOGY AND PATHOGENICITY Of} 

Vaterials 


Material for all isolations was sec ured 


WOOD-INHABITING FUNGI O THE GRAPEVINE 
and methods. 
from 3 main sources: A Red Malaga and a Thompson 
Seedless vineyard near Delano (San Joaquin Valley), 
and a White Pinot vineyard near Rutherford (Napa 


Valley), all European grape varieties. 

[solations were made bv tissue plating in the usual 
manner from the margins and other areas of typically 
rotted wood of trunks and branches. Representative 
samples were always secured from different positions 
on the vine 

Culture media commonly used were PDA (potato- 


gar). Difco bacto-malt agar (23) and 


dextrose a 

Viala’s (38) glucose—bean-extract agar modified (tar- 
taric acid increased from 0.5 g to 1.0 g/liter. and agar 
increased from 15 g to 25 g/liter Plates were in- 
cubated at room temperature inless otherwise speci- 
hed. 


S. hirsutum fruiting bodies were collected in the 


vineyards or were artificially produced by maintaining 


grapevine trunks under a discontinuous mist in an un- 
heated greenhouse compartment Pure cultures of 
this fungus were obtained from surface-sterilized 
sporophores ind from single spores, The latter were 
collected on water agar with the method commonly 


employed to make spore prints in culture media: a 


mod ific ation of the singl re tec hnique described by 
Hansen (17) was used for this and other fungi. If no 
spores were prod iced | rification was a | ired by 


hyphal tip of cultures or iter agar 
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rhe keys of Burt (8). Barnett (2). Campbell (9), 
and Nobles (26) were used for identifications. 

Inoculations of living vines in the field, greenhouse, 
and lath house were made by different techniques, 
most commonly by drilling. at the base of a spur on 
one of the branches of cordon-pruned vines, a hole |] 
cm in diameter and deep enough to expose the central 
pith. The hole was then nearly filled with fungus 
mycelium, plugged with moistened cotton, and sealed 
with a common cork. Another method of inoculation 
consisted of forcing a spore or mycelial suspension 
into the vascular system of dormant vines just before 
spring growth started. The custom-built hydraulic in- 
jector used was similar to that described by Williams 
(40). Water was used in control plants. The place 
f inoculation varied with the shape of the vines, but 


an attempt was made to inoculate the main trunk 
25-30 cm below the dividing point of lateral branches. 
Only bilateral cordon-trained vines of the variety Red 
Malaga were used for this type of inoculation. From 
10 to 100 ml of suspension were used per treatment, 
the amount depending on the ability of the vine to 
withstand high pressure. 

\ third method of inoculation consisted of feeding 
spore suspensions (distilled water for controls) into 
the trunk of potted vines by a technique essentially the 
same as that described by Brooks and Moore (6). 

Ineculations of a Cephalosporium sp. into green 
shoots of potted Red Malaga vines were made by 
hypodermic injection or by the incision method de- 
scribed by Goss and Frink (16). A thin plug of 
fungus mycelium or 1 ml of a spore suspension was 
used. 

The ability of each isolate to produce decay was 
determined on blocks and sawdust of sound grape 
wood under sterile conditions in the laboratory. The 
healthy wood of a freshly felled seven-year-old vine, 
variety Kandhahar, was the source of sawdust and 
blocks. Bark was scraped off and the trunk was sawed 
into thin transverse sections. Sawdust thus obtained 
was divided into 10-g lots in l-pt Mason jars. and 20 
ml of distilled water was added with an atomizer. A 
solution of l-asparagine (2 g/liter, 10 ml per jar) was 
found effective in speeding up the growth of wood- 
inhabiting fungi. Jars of moistened sawdust were 
incubated 36 hours at room temperature, and then 
fumigated with propylene oxide impregnated into 
blotter paper, about 4 ml per jar. Fumigation time 
was 48 hours. Sterile distilled water was added 
aseptically as needed during the course of the experi- 
ment. Five ml of spore or mycelial suspensions were 
introduced in each jar for inoculation. 

Nordin’s (27) modification of Koch's third postulate 
was observed in parallel experiments with fresh wood 
blocks. Disks of sound wood, 2.5 em in diameter and 
0.2-0.3 em thick, were thoroughly washed in distilled 
water and fumigated 48 hours with propylene oxide in 
closed containers. Four disks were aseptically placed 
in a sterile Petri dish on a raised glass support and 
inoculated with uniform fungus-mycelium plugs, 1 
plug per disk and 1 organism per plate. All Petri 
dishes were then enclosed in an inverted glass pipette- 
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washing jar to reduce interference of laboratory con- 
taminants. 

In the description of the macroscopic morphology 
of fungus isolates the quoted colors were taken from 
“4 Dictionary of Color.” by Maerz and Paul (25), or 
“Color Standards and Color Nomenclature.” by Ridg- 
way (32). Common colors, such as white, grayish, 
brown, Ctc... 
seemed applicable. The nomenclature describing the 


were used when no more specific color 


texture of mycelial mats was the one suggested by 
Long and Harsch (24). 

Experimental results—I1l) Isolations.—Tissue plat- 
ing of advanced decayed wood yielded species of the 
genera Trichoderma, Rhizopus, Mucor, Aspergillus, 
Penicillium, and Cladosporium. Platings of sound 
wood in the marginal brown zone almost consistently 
yielded a species of Cephalosporium. Pure cultures of 
this organism were secured in most cases. The 
Cephalosporium sp., however, was frequently accom- 
panied by a species of Penicillium. 

Another organism frequently isolated from the same 
marginal tissues was a basidiomycete tentatively iden- 
tified, on the basis of cultural characteristics, as F. 
igniarius. 

\ few isolates of S. hirsutum were obtained from a 
decayed branch of a Red Malaga vine when a portion 
of the spongy wood bordering the zone line was used 
for plating. 

Although growth of what appeared to be F. igniarius 
was observed on the decayed areas of several trunk 
sections incubated in a moist chamber, no fruiting 
bodies o1 pure cultures were obtained with this tech- 
nique. 

Table 2 lists the fungi obtained in culture and their 
frequency of isolation. 


) 


2) Morphology ot slightly 


raised. slow-growing colonies were produced by the 


isolates.—Circular. 


Cephalosporium sp. on PDA. Growth in general fol- 
lowed a definite pattern. An initial concentric area. 
2.0-5.0 em in diameter and characterized by abundant 
sporulation, was formed during the early growth. Once 
this zone was established, only submerged mycelium 
was produced, and growth slackened until it ceased 
altogether. 

The color of the fungus colonies varied considerably 
in some of the strains isolated from grape wood. An 
eight-day-old isolate from a White Pinot vine was 
Chicle Sarouk (25), whereas an isolate from a Thomp- 
son Seedless was at first cream, and after one week 
turned to a maize yellow (32). The surface of the 
(PDA) 


mycelium in 2 of the isolates (from White Pinot and 


medium became darker than the aerial 
Red Malaga), and remained unchanged in the third 
one (from Thompson Seedless). 

Respective optimum temperatures for the Thompson 
Seedless and White Pinot isolates on PDA were 25 
and 27°C. From all the data it appeared that the 
differences among isolates in optimum temperature 
were minor at most. 

Microscopic structures of all isolates varied but 
little. Mycelium consisted of abundantly ramified 


hyaline hyphae. becoming darker in the center of the 
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TaBLe 2.—Frequency of isolation and identity of fungi 
isolated from decayed wood of Vitis vinifera 


Fungi isolated No. pure Frequency 
cultures obtained % 

Cephalosporium sp. 99 59.2 

Penicillium spp. 26 15.6 

F. igniarius 24 14.4 

S. hirsutum 8 4.8 

Trichoderma sp. 6 3.6 

Aspergillus spp. } 24 


colony. Width of hyphae varied from 1.0 to 3.0 »; dis- 
tance between septa was 9-15 y. Thickened aerial 
bundles of brown hyphae, resembling coremia, were 
observed on oatmeal agar. The conidiophores were 
simple, unbranched, not swollen at the apex, aseptate, 
and inserted at right angles. The conidia were hyaline, 
sessile, elliptical, mostly aseptate with a few uni- 
septate (1.5 to 2.59%), and produced in heads. Aver- 
age size was 1.5 to 3.6 p. 

The sporocarps of S. hirsutum were coriaceous, 
effuso-reflexed, in some cases resupinate, and often 
gregarious (Fig. 4). They varied in diameter from 
0.5 to 3.5 em. The color of the upper surface was 
ochraceous buff (32) with the edges turning Into a 
cinnamon brown (32). The lower surface was smoke 
gray. Sections indicated that the sporocarps were 
typically 3-layered, with a definite narrow golden zone 
separating the intermediate area from the lower, hairy 
laver. No cystidia or gleocystidia were observed. 
Basidiospores were 5-8 » long and 2-3 » wide. 

Cultural and microscopic characters of S. hirsutum 
were as follows: growth was moderately rapid with 
the plates becoming covered in 3 weeks at room tem- 
perature; advancing zone was indistinguishable from 
the remaining mycelium; mat was white, at first 
sparse, then cottony; hyphae were of 2 main types; 
hyaline hyphae did not stain with phloxine, rarely 
branched, 1.0-3.7 1 up to 6.0-9.0y wide, frequently 
septate, hyphae staining with phloxine were un- 
branched, of even diameter. 3.0-5.0 » wide, with rare 
septa. No special microscopic structures were ob- 
served. There was no odor, and the mycelium turned 
light yellow with KOH. 

No sporocarps were observed in F. igniarius. 

Cultural characters of F. igniarius were as follows: 
slow growth on standard malt medium; plates incu- 
hated at room temperature completely covered in 5 
weeks; optimum temperature, checked at about 3° in- 
tervals from 12° to 33°C on PDA, was 27°C; growth 
was greatly inhibited but not halted at 33°C; a trace 
of growth oecurred at 12°C: reaction on gallic medium 
(26) was very strong, with complete growth inhibi- 
tion: advancing zone remained white, smooth, ap- 
pressed, with no indentations; mycelial mat on malt 
agar and in complete darkness was at first white (1-2 
weeks). then gradually turned to Naples yellow and 
chamois (32): brown, translucent droplets formed 
mostly in proximity to the advancing margin; texture 
of the mat was felty, compact; reverse was unchanged 
to the end of 4 weeks. then showed a few brown lines; 
there was no odor: mycelium turned brown with KOH. 


i ie ee 
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The gross morphology of various cultures showed ing vines were made. Considerable staining of wood 
considerable differences on Dion’s (14) liquid medium — resulted from introduction of the Cephalosporium sp, 
incubated at room temperature in the dark. Some _ into the trunks or branches (Fig. 6). Narrow, dark. 
colonies produced a profuse, chamois-colored (32), brown streaks extended 10-15 cm from the place of 
felty mycelium: while others showed flattened mats of | inoculation. The brown was darker than the discolora- 
yellow to Dresden brown (32 Morphologic variabili- tion frequently resulting from injuries. Reisolations 
ty of F. igniarius in culture has been reported by vari- from stained areas yielded the same strain that was 
ous authors (20. 37 used for inoculum. Movement of the fungus in host 


Microscopic characters were as follows: hyphae of — tissues, however, appeared extremely slow. After 6 
2 main types; hyaline hyphae in the advancing zone months (March-September) the Cephalosporium sp, 





or in young, white colonies were frequently branched, could be reisolated only 6 cm away from the locus of 
vacuolated, of uneven diameter (1.0—3.0 yu up to 1.5 inoculation. It seemed that at least part of the dark. 
6.0 4); septa were rare and inconspicuous, with no ened tissues were produced well in advance of the 
clamp connections; brown hyphae were unbranched, fungus mycelium. 
straight, uniform in diameter (1.5-3.0,). with no The ability of the Cephalosporium sp. to stain grape 
septa; no cuticular cells were observed: no special wood was confirmed by a total of 63 inoculations in 
microscopic structures or chlamydospores were pres- vitro on sawdust and wood blocks. 
ent. From 104 inoculations of S. hirsutum made in 
Fig. 5 shows the gross morphology of 3-week-old healthy wood of living vines there were no cases of § 
cultures of S. hirsutum and F. igniarius typical white rot. Reisolations from inoculated vines 
$) Pathogenicity of isolates—All 10 of the potted indicated that the fungus could move freely only in 
vines inoculated with the Cephalosporium sp. in the dead pith tissues of trunks and arms, not in the sound 
green shoots, by slit or hypodermic, remained healthy. wood. i 
A small, elongated. necrotic region 2.5—-5.0 cm long The saprophytic nature of this organism was also 
was observed near the point of inoculation. In all demonstrated in experiments in vitro; no typical decay § 
cases this region was walled off by a ring of suberized was visible after 330 days of growth on grapevine 9 
tissues. sawdust. Hyphae of S. hirsutum were observed to | 
\ total of 64 inoculations in the sound wood of liv- penetrate throughout the sawdust. but this mass re- 
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Fig. 4. Fruiting bodies of S. hirsutum. A) Sporocarps in their natural habitat on a grapevine trunk. B)_ Lon- 
gitudinal section through a fruiting body (44). C) Detail of the hymenial layer. exhibiting basidiospores on short 





sterigmata (300). 
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Fig. 5. Three-week-old cultures on PDA of A) S. hir 
sutum and B) F. igniarius. 


mained of the same color and consisten-y as the con- 
trols. Wood blocks inoculated with this same fungus 
were perfectly sound and showed ho discoloration 
after 210 days. 

Incipient and typical decay of grapevine wood was 
obtained when F. igniarius was grown both on sawdust 
and on wood disks. The spongy, yellowish rot pro- 
duced on sawdust was identical with the decay of 
standing vines (Fig. 7). Zone lines similar to those 
described in the literature (21, 37) were visible at the 
border and within the decayed sawdust. From the 
phloroglucinol test, most of the lignin in the medium 
appeared to have been digested. The decay in some 
jars was not uniformly distributed throughout the 
sawdust. apparently because the moisture was un- 
evenly distributed. The activity of F. igniarius was 
much slower on wood disks than on sawdust. but the 
rot 7 months after inoculation had characteristics simi 
lar to those in living vines. The decay was most pro 
nounced in disks having a central pith zone. which 
apparently facilitated establishment and spread of the 
fungus, 

Discussion. It is recognized that black measles 
rarely occurs in young vines. and that. in older vine 
yards, incidence and perhaps severity increases with 
vine age. Another common observation is that symp 
toms of black measles have not been observed in old 
rootstock mother vines. which. year after year. are cut 
back to the crown to obtain propagating wood. When 
trunks of vines with a history of black measles were 
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replaced by a water sprout trained from the old stump, 
new vines were free of symptoms. Vines with extensive 
internal decay were found to be the ones that had the 
longest disease record, whereas vines with no heart rot 
never showed symptoms of black measles. All these 
observations appear to indicate that the decayed areas 
are necessary for disease development. More direct 
evidence should be produced, but it must be pointed 
out that observations and experimental results ob- 
tained so far cannot be explained as mere coincidence. 
On the contrary, they strongly support cause and 
effect relation between wood decay and black measles. 


Spotting of the berries has never been reported as 





Fig. 6. Sectioned arms of 7-year-old grapevines 6 months 
after inoculation with a Cephalosporium sp. A) Control. 
B) Inoculated with mycelial plugs of the fungus at points 
indicated by arrows. 
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of F. igniarius. The constant presence of S. hirsutum 
sporophores on diseased vines may then account for 
his erroneous association of the latter fungus with the 
decay. 








The results of the pathogenicity tests clearly indi- 
cate that S. hirsutum is unable to produce the typical 
decay of the vine, either in vivo or in vitro. The 
limited number of isolations of this organism from de- 
cayed tissues, and its presence always in areas far 
away from the advanced margin of the rot. seem to 
suggest a saprophytic nature for this organism. In 
light of these findings, and because no parasitic spe- 
cialization or morphologic differences appear to dis- 
tinguish the grapevine isolate of S. hirsutum, it is pro- 


CERT OTE CRD 


posed that the species S. necator Viala be rejected. 
The soft and spongy decay of grapevine wood ap- 
pears to be similar to the typical white ret described 
in the literature (21, 37) as caused by F. igniarius. 
This organism is considered one of the most destruc- 
tive wood-rotting fungi, attacking both the heartwood 
and the sapwood of a great variety of trees (21). No 








reports were found in the literature of F. igniarius on 
of the grapevine, reproduced grapevine in the United States. Whether isolates from 


Fig. 7. Typical wood decay 


eT OSA 


in vitro by growing I igniarius on sterile grape sawdust. other trees are able to produce the same decay on 
The lighter area is identical to the punky rot of living vines. grapevine remains to be ascertained. j 
Note the zone lines borderit = lecay. Photo taken The consistency of recovery of a Cephalosporium 
through the bottom of a Mason ja ; : ; 

species from the darkened areas bordering the de- 
one of the disease symptoms in the literature from cayed wood poses the question of the role of this 4 
any of the growing areas of the world. However, some organism in the disease complex. That the Cephalo- § 
photographic evidence was obtained of its occurrence  sporium sp. does not behave simply as a secondary 
in a 50-vear-old vinevard of South Australia (12). organism was shown by its ability to move freely into t 
Berry spotting was accompanied by the typical leaf healthy wood and to cause definite staining. Our ob- J 
symptoms of black measles. Similar berry symptoms — servations in this regard corroborate the results of J 
were recently observed by the writer at Maccarese Petri (29). who was able to produce brown discolored 
(Italy) on a Muscat of Terracina vine, and the dis- — stripes by inoculating Chephalosporium isolates into 
ease was again observed in the field near Bari and  healthy+grapevine wood. The same author reported 
Taranto (Italy) on the Regina variety and in the = observations of fungus mycelium in the darkened 
laboratory of Dr. Antonio Graniti. Istituto di Patologia vessels 
Vegetale dell’ Universita di Bari. All symptoms of It is interesting to note that numerous vascular dis- 
esca and blac k measle ippear to coin rae Time ot orders h ive been recently as( ribed to various Cephalo- 
symptom development. pattern of distribution in the sporium spp. (1. 7), and that these were not limited 
vinevard. incidence of symptoms as related to age. and to herbaceous plants, but included hosts such as the 
finally. the control of both diseases are identical. The American persimmon (13) and the white elm (16). 
correlation of both esca and black measles with inter- Some authors also suggested that toxic metabolites are 
nal trunk decay. and. possibly. with the same causal liberated within the plant by this fungus (10, 11, 22). 
organism, leaves little doubt that they indicate just one It thus appears probable that the Cephalosporium sp. 
pathological condition of the vine may have some function in the decay process. and 

The results of the present studies on the etiology of eventually in the black measles syndrome 
wood decay seem somewhat in disagreement with re- DEPARTMENT OF PLANT PATHOLOGY 
sults reported in the literature. Sporophores of 5 University OF CALIFORNIA 
hirsutum collected from California vines were similat Davis. CALIFORNIA 
in size, color, and external and internal morphology 
to those described by Viala Te: No agreement. how- LITERATURE CITED 
ever, exists on the ltura iracteristics of the two l Atuinetron, W. B.. ann D. W. CHampertatn. 1948. 
isolates. On the contrary croscopi and macro- Brown stem ret of soybean. Phytopathology 38: 
0 , 93-80 

scopic cultural characters, as described by Viala (38) 2 juavene H. L. 1955. Illustrated genera of imperfect 
for S. necator, appear to by lentical to those of the fungi. Burgess Publ. Co., Minneapolis, Minn. 218 p. 
California isolate of F. ig s. Viala (38) was not 3. Brorertt, F. T. 1923. Black measles. water berries, 
able to germinate basidiospores of S. necator. but in and related vine troubles Calif. Agr. Expt. sta. 


Bull. 358: 509-524 


, sed tissue cultures f1 lecaved wood through- 
stead u ed tissue iltu ived w i on t Bonner. L. O. 1926. \ promising remedy for black 
out his work. There «s therefore reason to believe nemilon of the wine Calif A or. Expt Sta. Cire 
that he actually recovered and studied the mycelium 303. 10 p ' 
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OPEN CALYX TUBES 


AS A FACTOR CONTRIBUTING TO CARPEL 


DISCOLORATION AND DECAY OF APPLES ! 
P.M. Miller 


st 


Discolored and ldy carpels occur sporadically 
in Wagener and Red Delicious apples 


often extend into the carpels of affected apples of 


Calyx tubes 


MMARY 


d carpels when injected into them, 

solution entered a carpel in 20 
an opening less than 25, in di- 
26 varieties of apples examined 
either had tubes open to carpels or had a deep 
calyx sinus or pit, characteristic of susceptible 
varieties. Rupture of the calyx tissues by abnor- 
mally fast growth following heavy rains which oe- 
cur after a dry period is suggested as contributing 
to the condition. 


properties, injure 
\ wetting agent 
minutes through 
ameter. Ten of 





both varieties Fusarium sp., Botrytis sp., Alter- 
naria sp. and Aspergillus niger isolated from moldy 
carpels produced discoloration when injected into 
normal carpels. Mycelium was also found in the 
calyx tubes of immature apples. Many spray ma- 
terials, possible fungal metabolic products, and 
other compounds, especially those with wetting 
In 1954, many of the Wagener apples from an 


orchard in south-central Connecticut had brown carpels 


that 
used for cider because the injured apples could not be 


were often corky or moldy. The entire crop was 


distinguished without cutting them open. The grower 
reported that the condition was restricted to Wagener 


apples and had occurred sporadically over many years. 


This information suggested as a contributing factor 
a varietal characteristic whose expression was depend- 
ent upon irregularly recurring environmental condi- 
tions. 

Carpel rots or “moldy core” (5) or similar condi- 
tions have been reported by others (1, 2, 4, 5, 6, 7, 11, 
12), and often were associated with an opening into 
the carpels from the calyx area, a condition called 
“open core” by Harrison (6) Fungi isolated from 
rotted carpels have included: an Alternaria sp. (1, 5, 
6, 7, 8, 10), a Fusarium sp. (1, 6), a Rhizopus sp. (1), 
a Pleospora sp. (1), and Physalospora obtusa (Schw.) 
Cke. (10). Harrison (6) noted the suggestion of 


and Elliott 


and related carpel faults were associated with a light 


Carne, Pittman 3) that open calyx tubes 


crop of fruit and a rapid and irregular growth of the 


fruit. Others (2, 43 ted that faulty or inadequate 


sugge 

pollination was a cause. However, Harrison (6) was 
unable to correlate seed content with moldy core and 
suggested that pollination was important only as it 
affected fruit set. which was in turn related to moldy 
core. Brittain and Blair (2) suggested that the triploid 
variety, Gravenstein, was more susceptible than diploid 
varieties to the condition, but found some in diploid 
varieties. Carpenter (5 suggested that the open 
calyx tubes were a result of failure of the style bases 
to close completely Harrison (6) in a study of the 
morphology of the calyx and carpels of Wagener 
apples. could find no openings in very young apples 
He found small openings near the carpels of apples 
1.5 cm in diameter. He found openings in some old 
styles of mature Wagener apples, but these openings 
failed to extend to the exterior of the apples 

EXPERIMENTAL.—-Son f the corky carpel tissues 
resembled the corkiness produced in beets by a boron 
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deficiency. Therefore, samples taken from severely 


discolored carpels, from slightly discolored carpels, 
from apparently normal carpels were analyzed 
spectrographically by W. M. Mathis, of the Analytical 


Chemistry Department of the Connecticut Agricultural 


and 


Experiment Station. No differences in boren content 


were found among these samples. 

the of 
Wagener apples in the present study included species 
ot 
Botrytis, and Neurospora, as well as 
Michele. Only the much 
like A. tenuis, was found in carpels of Wagener apples 


Fungi isolated from discolored carpels 


Contothyrium, Alternaria, Fusarium, Penicillium, 


{spergillus niger 
{/ternaria which 


sp.. was 


from one orchard; and these apples showed only 


slightly discolored carpels. To determine the impor- 
tance of these fungi, 0.2 ml of a spore or mycelial 
suspension of these isolates was injected with a sterile 


McIntosh 


\fter incubation at room temperature for 1 week, the 


syringe into carpels of harvested apples. 
apples were cut longitudinally through the carpels and 
examined, 

The Penicillium sp., Botrytis sp.. Alternaria sp., and 
1. niger fruited freely in the carpels. Fusarium sp. or 
Botrytis sp. 


pels {. niger 


severely discolored and decayed the car- 
sp. 


were 


produced 
‘ racked 


culture 


and Alternaria some 
time 


of 


produced 


browning if the carpel walls at 


of The 
bacteria from 


inoculation. other fungi and a 


obtained discolored — tissues 


very slight or no browning. 
The 


metabolic products. 


discoloration might have arisen from fungal 


Some possible metabolic products 
were injected into carpels at a concentration of 0.1%. 
tartaric acid, oxalic acid. acetie acid, and 
injury. 


Lactie acid. 


a pectic enzyme preparation caused severe 


Ascorbic acid, L-cysteine hydrochloride. paraminoben- 
in- 


acid, benzoic acid, nicotinie acid, L-tyrosine, 


L-malic 


Zou 
acid caused 
\ of the 


Botrytis sp. caused rather severe browning of the car- 


doleacetic acid, citrie acid, and 


very slight to no injury. mycelial extract 
pels but caused no injury when boiled for 1 hour. 
Many of the Wagener apples had open calyx tubes. 
Could spray materials injure after entering the carpels 
To this 
concentration of 0.1% 


through calyx openings? question, 


at 


answel 


spray materials a were in- 


eet 
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in 20 
in di- 
mined 
deep 
ptible 
ibnor- 
‘h oc- 
luting 


severely 
carpels, 
inalyzed 
ialytical 
cultural 
content 


pels of 
species 
cillium, 
S$ niger 
; much 
apples 
d only 
impor- 
iveelial 
sterile 
apples. 
*k. the 


‘Is and 


., and 
Sp. or 
e car- 
some 
time 
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duced 


ungal 
ducts 
1.1%. 
and 
jury. 
oben- 

in- 
iused 
f the 
car- 


ibes, 
pels 
tion, 

in- 


August, 


jected into the carpels of McIntosh apples. After a 
week's incubation at room temperature the apples 
were split and examined. Tween 20 (polyoxyethylene 
sorbitan fatty acid esters), glyodin (2-heptadecyl-2- 
imidazoline acetate), and an organic mercurial fun- 
gicide, .V-( ethylmercuri ) -p-toluenesulfonanilide, caused 
browning. Ferbam (ferric dimethyldithiocar 

captan (N-(trichloromethylthio )-4eye- 


severe 
bamate 
lohexene-1.2-dicarboximide), zineb (zine ethylenebis 
dithiocarbamate |), and cupric sulfate caused slight or 
no injury. Methoxychlor (1,1,1-trichloro-2,2-bis (p- 
methoxyphenyl)ethane), malathion  (S-(1,2-dicar- 
bethoxvethyl)-0,0-dimethyl phosphorodithioate), and 
nicotine sulfate caused slight to moderate injury. TDE 


(2.2-bis(p-chlorophenyl)-1,1-dichloroethane) caused 
none. Other materials that might be in pesticides or 
spray water were tested. Sodium hydroxide caused 
severe browning. Magnesium sulfate, a soluble fer- 


tilizer. and hydrogen peroxide caused slight to no in- 
jurv. Distilled water injections or needle punctures 
did not produce discoloration. 

Acetic acid and Tween 20 were tested further at con- 
centrations below the 0.1% used in the first trial. Both 
materials still caused severe injury at 0.01%. 

To determine if spray materials could enter the car- 
pels through open calyx tubes, punctures were made 
with a fine needle, about 25 » in diameter, through the 
calyx tube into the carpels of McIntosh apples. Ex- 


S1 oven peLtcrous Py 
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amination of many apples of this variety had failed to 
find any naturally open calyx tubes so the opening 
made with the needle would be the only one present. 
Five-tenths ml of a 0.1% solution of a wetting agent, 
Tween 20, containing 0.01% acid fuchsin as an in- 
dicator dye, was placed in the calyx basin. After 
various intervals, the dye solution was rinsed off the 
surface and the apples were split longitudinally for 
examination, The Tween-20—acid-fuchsin mixture en- 
tered the carpels within 20 minutes. 

Because of the apparent importance of open calyx 
tubes to the incidence of carpel rots, it was of interest 
to know which varieties showed the weakness. Eight 
harvested apples from each of 26 varieties of apples 
were split longitudinally through the calyx for ex- 
amination of their calyx and carpel morphology. 
Wagener, Delicious, Red Delicious, Golden Delicious, 
Idared, Davey, Macoun, Gravenstein, and Russett ap- 
ples either had calyx tubes open to the carpels or had 
deep calyx tubes. Edgewood, Grimes Golden, Fall 
Pippin, Opalescent, and Winter Banana apples had 
average or variable ones. Those apples with shallow 


calyx tubes or with much tissue between the carpels 
and the calyx tube were McIntosh, Cortland, Baldwin, 
Esopus Spitzenberg, Jonathan, Rome Beauty. Red 
Rome, Roxbury Russett, Ruby, Stayman Winesap, 
Tompkin’s King, Winesap, and Rhode Island Greening 


apples. 





; Fig. 1. Calyx structure of 3 apple varieties found with moldy carpels. A) Red Delicious apple with calyx tube extend- 
ing into carpel. B) Red Delicious apple with carpel decayed by Fusarium sp. which entered by open calyx tube. C) 


Wagener 


pple with deep calyx tube extending into carpel 


D) Golden Delicious apple with calyx tube open into carpel. 
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In 1955 an atte pt was made to follow the develop- of the style tubes. Another possible explanation might 
ment of the calyx tube the Wagener apple. How- be the formation of openings in the carpels, such as 
ever. the tubes remained sed from the start, despite Harrison found extending part way to the exterior, 
sae adit a aie in the previous Abnormal growth during high moisture conditions 
wea e conditior ) 1Os€ . ; 


year. On the other hand, all of 25 Red Delicious ap- 
ples examined on Aug 1955, had mycelium in 01 
just entering the carpel me through openings too 
small to detect without sectioning on a microtome; 
but many of them had sibly open calyx tubes, as 


2 Red Deli mous apples 
The 


seen in Fig. 1-A. | 


showing carpel rot ! in by orchard men 

causal fungal agents, / rium sp. in one (Fig. 1-B) 
and Physalospora obtuse n the other had very 
plainly entered from open ¢ ilyx tubes Thus, the ap- 
pearance of the conditi nay differ with area and 


variety in the same year. Wagener apples were affected 


in 1954. but not in 1955: the reverse was true tor Red 
Delicious apples | 1954 Wagener apples in 2 
orchards had open calyx tubes (Fig. 1- but those 
in an orchard not too distant from one of these did 
not have any trouble. Dif ces in cultural practices 
or soil types that affe ter supply at the eritic il 
stage or stages of development of the apple might be 
responsible lor these lifferences in occurrence ol 
moldy core among art rieties 

Rainfall was nearly norma in 1956, with no pro 
longed dry spell June extra rainfall in August 


obtained from 


Wagener and Red Deli s apples were 

the orchards where the trouble had occurred betore. 
None of these apples had calyx tubes. It may be 
necessary to have a dr spell in June without heavy 
rains in August, or norn fall in June with heavy 
rainfall in August, to deter ne whether early dry 
weather or late excess water are responsible for the 
trouble. or whether it is ombination of the condl- 
tions. 

DISCUSSION Two facets of the carpel rot problem 
are: the actual injurious agent. chemical. or organism, 
and the cause of the open calyx tubes. which permit 
the entry of this agent s study has dealt mostly 


with the first aspect. However, the apple fruit in which 


What caused the 


gested a 


the calyx tube is closed is resistant 


connec- 


open calyx tube? Several writers sug 


tion between open calyx tubes and fast or abundant 
growth. Open calyx tube Connecticut apples in 
1954 and 1955 occurred ears having dry weather 
in late spring d early mer followed by heavy 
rains in late summet Deviations from normal rain- 
fall during June. July. and August of 1954 and 1955 
were as follows: 1954 | 29 in July 2.62 in 

August, 1.71 in. (2.74 August 30-3] 1955 

June, —1.29 in.: July : August 6.84 in 
(3.24 in. on August 12 a 1.22 on August 18 and 
19). Open calyx tubes we found in various apples 
in 1958 when there was a short dry period in late June 
and a heavy rain in late A st. Lack of water might 
have prevented closure I e stvle bases 1 condition 


suggested by Carpente1 iuse of open calyx 


tubes Abnormally fast xpansior f surrounding 
1 : ; 

parenchyma tissues, which probably resulted from the 

heavy rains in August ve caused a separation 


could have extended such openings to a junction with 
the calyx tube, forming an opening to the apple's 
exterior. 


It has been shown that fungi might cause some, but 


not necessarily all, carpel browning. Several fungal 
metabolic products, such as organic acids or pectic 
enzymes, injured carpel tissues. It was shown in this 
study that a fungal extract that had caused injury 
prior to heating, did not do so after heating. Such 


heating could destroy materials other than enzymes, 
but these are especially susceptible to such treatment. 

Several organic pesticides caused injury in labora- 
tory trials. The tests with the wetting agent and in- 
dicator dye would suggest that pesticides can enter 


Many 


enough to permit rapid entry of materials in solution 


open calyx tubes. of these tubes are large 


or suspension into the carpels once these materials 


entered the calyx. Wetting agents in sprays would 


enhance entrance but also would increase injury to 


Tween 20 


carpels: a wetting and glyodin (a 


fungicide with wetting agent properties) caused very 


agent) 
severe injury. 

Injury by fungicides makes inadvisable the use of 
ertain fungicides to prevent entrance and injury by 
fungi. Apart from this, open calyx tubes develop close 
to harvest time, and the use of sprays this late in the 
season could result in spray residues above the toler- 
ance limit. 

Combatting the effect of sporadically occurring un- 
conditions 


favorable environmental 


which are sug- 
gested as the cause of open calyx tubes is very difhicult. 
Carpel rots can be largely avoided, however, by plant- 
ing varieties of apple with shallow calyx tubes since 
these fruits are much less likely to develop open calyx 
tubes. 
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REPORT OF THE 1959 MEETING OF THE POTOMAC DIVISION OF THE 
AMERICAN PHYTOPATHOLOGICAL SOCIETY 


The sixteenth annual meeting of the Potomac Divi- 
sion of the American Phytopathological Society was 
held February 26 and 27, 1959, in the auditorium of 
the Plant Industry Station, Beltsville. Maryland. 
Twenty-seven scientific papers were presented. About 
150 people attended this meeting. Following the ban- 
quet on the evening of February 26, Dr. Karl Mara- 
morosch showed pictures and discussed problems of 


Production of lateral roots in soybean varieties resistant 
and susceptible to Meloidogyne incognita acrita, CRITTEN- 
pen, H. W. Two varieties of root-knot-nematode-susceptible 
sovbeans (Virginia and Adams) and 2 resistant varieties 
(Laredo and Anderson) were exposed to Veloidogyne 
incognita acrita for periods of 8, 16, and 32 days; these 
varieties were also grown in uninfested soil for similar 
periods. When the secondary roots were invaded by the 
nematode, each of the two susceptible varieties, at 8 and 16 
days of age, exhibited a reduction in number of tertiary 
roots produced (significant at 0.01 level) as compared to 
number of tertiary roots produced on the same varieties in 
uninfested soil. Each of the resistant varieties exhibited ne 
change in tertiary root production when grown in infested 
soil compared to roots produced in uninfested soil. Enlarge- 
ment of the pericyclic region in numerous areas of sec- 
ondary roots of susceptible soybean varieties invaded by 
nematodes has a high positive correlation with the inhibi- 
tion of tertiary roots in these same varieties. Size of gall 
caused by VM. incognita acrita and the number of lateral 
roots produced in soybean varieties are affected by potas 


sium, 


The amino acid and sugar content of cells of Xantho 
monas vesicatoria. CROSSAN, D. F. The mucoid growth of 
\. vesicatoria on potato-dextrose agar was harvested and 
hydrolyzed with 4NH.SO, for 24 hours at 85°C, Neutralized 
hydrolysates were reduced to dryness and _ the samples 
spotted on chromatographic paper. Papers were developed 
by descending flow in a mixture of /-butanol, pyridine, wa- 
ter, and glacial acetic acid (6:4:3:1). Partridge’s reagent 
and ultraviolet fluorescence were used to identify sugars in 
comparison with known standards. The following sugars, 
in descending order of relative abundance, were identified: 
glucose, mannose, rhamnose, ribose, xylose, arabinose, and 
galacturonic and glucuronic acid. In determining amino 
acids, neutralized hydrolysates were reduced in volume to 
3 ml, frozen, thawed, filtered to remove salts, spotted on 
paper, and developed 3 times in a mixture of /-butanol, 
glacial acetic acid, and water (4:1:5). The papers were 
dried, sprayed with borate buffer at pH 9.5, developed in a 
second dimension in a mixture of meta-cresol and phenol 
(1:1), and dried at 40°C. The paper was sprayed with a 
mixture of 0.2% nin-hydrin in 50 ml ethyl aleohol + 2 ml 
of glacial acetic acid and then heated at 105°C until dry 
Amino acids identified were cystine, lvsine, aspartic acid, 
serine, glycine, glutamic acid, threonine, B-alanine, proline, 
tyrosine, valine, phenyl-alanine, isoleucine, and leucine 

Cytological and histological effects of Xiphinema diversi 
caudatum and Meloidogyne hapla on rose roots. Davis, 
R. A Yiphinema diversicaudatum and Veloidogyne hapla 
both stimulate gall formation on rose roots. Since these 


viruses and virus diseases on both sides of the “Lron 
Curtain.” 

Officers elected to serve during the next year are 
President, W. D. McCLecian; Vice-Presi- 
Secretary-Treasurer, J. G. Mose 
O. WEAVER. 


as follows: 
dent, A. B. Groves: 
MAN: and Councilor, L. 


John G. Moseman, SeCRETARY-TREASURER 
nematodes differ in their mode of feeding, one being an 
ectoparasite and the other an endoparasite, cytological and 
histological effects were compared, Formation of galls on 
rose roots parasitized by X. diversicaudatum was due pri- 
marily to a hyperplastic response of the cortical cells. How- 
ever, giant cells approximately 2-3 times as large as other 
surrounding cortical cells were formed in association with 
feeding sites. In some infections, cortical cells lying close 
to giant cells contained deeply red-staining bodies adhering 
to or protruding from the cell walls. Meristematic activity 
in the root tip was retarded. Gall formation due to the 
feeding of M. hapla was characterized by the formation of 
giant cells, hyperplastic cortical and vascular parenchyma, 
abnormal xylem, and cessation of root tip growth. Giant 
cells in differentiated tissues were formed from a group of 
vascular parenchyma cells, which were first enclosed by a 
thick cell wall. Walls of the parenchyma cells enclosed by 
the thick cell wall disintegrated, forming a giant cell. In 
undifferentiated tissues, giant cells were formed by the dis- 
solution of cell walls, with a subsequent deposition of a 


thick cell wall. 


Etiology of Botryosphaeria ribis on wood and fruit of the 
Rome apple. Ei, R. F., ano J. W. Heupercer. Investiga- 
tions on the etiology of B. ribis were intended to obtain in- 
formation on the life-cycle of this fungus in connection with 
the occurrence of fruit infection to form a basis for timing 
fungicide applications for control. This organism attacks 
apples in Delaware, causing wood cankers and fruit rot. 
Pycnidia and perithecia containing mature viable spores 
were found all year on cankers in an infected orchard. 
Peak of spore production occurred from June 1 to July 15. 
Optimum climatic conditions for spore germination were 
100% relative humidity for several hours and a temperature 
range of 77-86°F. Susceptibility of apple fruit to B. ribis 
was investigated (a) by artificial inoculation and (b) by 
bagging of fruit at the petal stage and then uncovering 200 
fruit at 15-day intervals throughout the season. Results 
indicate that fruit is susceptible to infection from the be- 
ginning of June until harvest in October. Rotted apples 
usually fall to the ground, and, when entirely rotted, 
pycnidia-containing spores are formed under the epidermis. 
({s Rome apples appear to be susceptible to infection in 
all stages of development, a protective spray schedule must 
be devised with this in mind and with special emphasis on 
the period of maximum spore production. 


Gold chloride and picric-acid-iodine as in toto stains for 
free-living and plant parasitu nematodes Hasprouck, 
Epwarp. Two techniques for in toto staining of plant- 
parasitic and free-living nematodes were developed. In the 
technique employing gold chloride, nematodes were first 
washed in distilled water and then transferred to an 
aqueous solution of 0.1% AuCl, and 0.1% HgCl. A gen- 
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indicated com 


eral light yellow coloration of the specimen 


10-minute wash in dis 


plete impregnation. Following a 
tilled water, development of color took place in 1.0% 
formic acid under a photoflood lamp. Dehydration and 


mounting in glycerine were accomplished by the method of 
Baker. Nerve rings and associated cells and gonads differ 
entially stain a bright red. The deposition of a fine black 


i 
precipitate on the cuticle assisted visual definition of cuticu- 


lar details. lempor iry mounts were routinely stained by 
001% iodine and 0.5% concentrated picric acid in formol 
acetic acid. Killing and fixation of specimens was rapid. 
Sclerotized and glandular structures were clearly differ- 


entiated by the use of this stain 


Lead arsenate as an apple fungicide. Hevupercer, J. W.. 
ano R. F. Erp. In 1958, a block of the 
used for a large-scale field test. The 
sprayed with captan (2 lb.) through the 


Rome variety was 


entire block 


second cover, Be- 


Was 


ginning at the third cover (June 16) and continuing 
through the twelfth cover (Sept. 24), the following ma- 
terials were applied with a speed sprayer on 4-row plots 
(88 trees): no fungicide, lead arsenate + lime (1l'2:1l'2 


Ib.), captan (2 lb.), captan + lead arsenate (2:1 Ib.), 


captan + zineb (1:1 |lb.), and captan zineb + lead 
arsenate (1:1:l'% Ib.). Data were obtained on 3 diseases: 
TERMINAL SCAB—severity index (4.00 maximum) on 
October 8, based on 100 terminals on each of 4 trees, was 
as follows for the treatments, re spectively: 3.46, 1.34, 0.19, 
0.15, 0.04, and 0.03 (LSD @ 5%P 0.24). Soory BLOTCH 

percentage fruit infection on October 7, based on 100 
fruit on each of 4 trees, was respectively: 89.5, 14.0, 2.00, 


0.00, 0.00, and 0.00. BotryosPpHAERIA FRUIT ROT—based on 
6 biweekly counts (August 1 to October 7) on 100 fruit on 
each of 4 trees, the average percentage infection was respec 
tively: 30.6, 16.3, 4.0, 1.5, 0.5, and 0.2 (LSD 9%P 
2.1); on dropped fruit it was 78.0, 40.1, 18.6, 13.3, 11.6, and 
8.7 (LSD @ 5%P 1.6). 


potato feathery mottle 
abutilonea, conditioned 
Natural spread of feathery 
1955, 


Vatural 
virus by the 
by climate. 
mottle virus 


fransmissior f sweet 


whitefly Triale 
Hitperranp, E. M 


Dw irl: 


rodes 


(svn. Yellow Georgia mosaic) in 


1956, and 1958 averaged only 6% as compared with 28% 
in 1957, as determined by the “flush of growth” technique. 
Clean cultivation in 1955 and 1956 was associated with a 
low natural spread. Omitting cultivation around the plant- 
ing in 1957 caused the border to be very weedy. Indian 
mallow (Abutilon theophrasti) was present and heavily 
pupulated with a whitefly (7 ,rialeurodes abutilonea). An 
extreme drouth in August defoliated the Indian mallow. 


This was followed by rain ind abnormally warm weather 
in Septembe re and as a result sweet potato foliage he ame 
abundant. Current-season symptoms of the virus such as 
regularly occur in Kenya. East Africa, and in Georgia 


were noted only in 1957 on the lush-growing sweet potatoes. 


Apparently. defoliation of the weed by the drouth shifted 
the whitefly from the weed to the sweet potato, where it 
bred, became viruliferous, and caused about 10% current 


| 
season foliage In 1958, when weed growth was 
not disturbed by drouth and host growth was not enhanced 


symptom 


by favorable weather, natural transmission fell back to 
about 5% evidence that this whitefly preters the weed 
host in Maryland 

Sweet potato ringspot rus associated with internal cork 
virus. Hitpesranp, E. M. A ringspot virus apparently free 
from internal cork was first obtained from a bushel lot of 
Unit I Porto Rico sweet potato roots ( Johnstone = 2) 
from Georgia in the autumn of 1955. This lot, a part of 
30 one-bushel lots of Porto Rico roots from 23 states. was 
the only clone free of root symptoms after 5 months of 
warm storage. When grown in an isolated field in 1956. 
stored, and sliced after 6 and 12 months of warm storage. 
the roots from all 104 plants were again cork-free. although 
the symptoms persisted in the foliage Because all other 
Unit I Porto Rico material had both root and leaf symp- 
toms, it was concluded that this sweet potato virus complex 
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consisted of at least two distinguishable viruses: the ring. 
spot virus, which apparently is innocuous, and the internal 
cork virus, the latter causing both root and leaf spot symp. 
toms. This conclusion was verified by using indicator 
plants, including sweet potato seedlings and morning glories 
inoculated and infected by aphid, graft, or mechanical 
transmission. 


Mechanical transmission of potato-mottle virus to and 
Hotmes, Francis O.  Potato-mottle 
virus was transmitted with difficulty to healthy seedlings 
of Mediterranean sweet orange, Orlando tangelo, and 
Meyer lemon by rubbing inoculum into their leaves in the 
presence of finely powdered carborundum. Subsequently 
it was recovered regularly and with ease by subinoculation 
to tobacco from chlorotic lesions that developed in the 


from citrus plants. 


inoculated leaves, but it was not recovered at all from 
ereen areas of the same leaves. The relative ease with 
which the virus was isolated from locally infected citrus 


tissues, in conjunction with the difficulty of infecting these 
mechanical inoculation, 


tissues originally by seems en- 
lightening. It suggests that earlier failures to transmit 
mechanically the viruses that occur naturally in citrus 


plants may be attributable to use of insusceptible or in- 
sufficiently susceptible test plants rather than to the pres- 
ence of an inhibitor in citrus foliage. 

rot of 
Ascospores of 


Some new information on black knot and brown 
plums. Lewis, F. H., ano K. D. Hickey. 
Dibotryon morbosum were mature when tree growth began 
and were discharged from then until after bloom.  Infee- 
tions were on new growth of spurs and terminals and new 
knots appeared in July. Knot removal by pruning was sue- 
cessful only where the cut was low enough to remove all 
diseased tissue. Knots on large limbs were effectively 
removed by rough surgery followed by a wound paint of 
200 ppm Actidione in water. In germination trials, 
captan, dichlone, and mercury were highly effective against 
both Dibotryon and Sclerotinia fructicola. Some materials, 
especially sulfur, were less effective in the laboratory but 
gave good black knot control in the field. In field tests 
on Stanley prune, zineb, Niacide-M, mercury, sulfur, fer- 
bam, captan, and dichlone gave good to fair black knot 
control, in the order named. Copper plus lime, lime sulfur 
followed by captan, glyodin plus mercury, and glyodin 
gave unsatisfactory control. Only captan, dichlone, and 
mercury gave control of brown rot blossom blight. Captan 
was safe on the trees, mercury caused leaf injury in the 
first spray after bloom, and dichlone caused leaf injury in 
the second spray and fruit injury in the third spray after 
bloom. 


spore 


Veloidogyne incognita acrita and Trichodorus 
christiei on the nutrient levels of tomato. Maunc, Oun. 
To study the nature of mineral deficiency symptoms in 
plants following nematode attack, and to determine effects 
of both ecto- and endoparasitic nematodes on plant nutri- 
tion, an experiment was carried out with tomato plants in- 
oculated with 2 population levels of M. incognita acrita and 
T. christiei and compared with check plants. Sixty days 
after inoculation, plants were harvested, and tops and 
roots of each were separately analyzed for N, P, K, Ca, Mg, 
Na, reducing sugar, non-reducing sugar, and total sugar. 
Roots of plants having a root-knot index of 26-50 were 
significantly lower in Na content. No other differences 
were observed in tops or roots at this infection level. 
Levels of N, P, and K in roots of plants having an index 
of 51-75 were found to be significantly higher than those 
of checks. However, Na was found to be significantly 
lower in both cases. Plants inoculated with 2500 T. chris- 
tiei showed a tendency to be deficient in over-all nutrient 
level both in tops and roots, but differences were not sig- 
nificant. There was no difference in nutrient level in 
plants inoculated with 600 T. christiei. No difference was 
observed in sugar content, regardless of the rate of inocula- 
tion in either M. incognita acrita or T. christiei infected 
plants. 


Effects of 
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Greenhouse and laboratory studies on chemical sow 


drenches to control Phytophthora parasitica var. nicotianae, 


the Cause of Black Shank of Tobacco. Morcan, O. D. 
Control of the fungus Phytophthora parasitica var. nicoti 
anae was obtained in greenhouse tests with 4 Omadine (2- 
pyridinethione l-oxide) derivatives, disulfide, zinc, iron, 


and manganese at 300 and 600 ppm; N521 (Mylone) (3,5- 
dimethyltetrahydro-1, 3,5, 2H-thiadiazine-2-thione) at 300 
and 400 ppm; chemical 5400 (alpha-alpha-trithiobis(\ 
dimethylthioformamide) at 600 ppm; and Orthocide 406 
(N-trichloromethylmercapto-4-cyclohexene-l, 2 - diacarboxi 
mide) at 300 ppm. Tobacco planted 4 days after treatment 
of the soil was stunted by concentrations of the chemicals 
that controlled the iungus, No phytotoxi effects occurred 
when tobacco was planted 3 weeks after treatment. Labo 


ratory tests indicated that the chemicals inhibited, but did 


not kill, the fungus after exposure for 4 days. After 7 days 
exposure the disulfide, zinc, or manganese derivatives of 
Omadine at or above 50 ppm and N52] at or above 80 

killed the fungus. The iron derivative of Omadine 


ypm 
2 200 ppm, chemical 5400 and Orthocide 406 at 400 ppm 
did not kill the fungus. Spore germination was inhibited 
by all the fungicides at or > ppm, indicating that 
spore germination is the weak link in the life cycle. Of 
the fungicides used, the disulfide and the 
of Omadine and N52] most 
nicotianae., 


above 


manganese salt 
were the effective against P 
parasitica var. 
Rhizoc tonia disease 
PAPAVIZAS, 
amendments 


Investigations on the control oft the 
of snap beans by green organic soil amendments 


(,. i. A> |... h. DAVEY. Five green organk 


were added singly at the rate of 1% to unsterilized sandy 
soil naturally infested with Rhizoctonia solani. In the green 
house, initial fallow periods of 0. 10. and 24 davs were 
followed bv } successive plantings ot susceptible Toperop 


snap beans. The amendments green corn and oats stimulated 
the highest numbers of rhizosphere and soil streptomycetes 
antagonistic to R. solani in vitro and reduced the infection 
index of bean seedlings. These amendments also decreased 
the prevalence of the pathogen in the planted 

planted soil as determined by colonization studies. 
amendment (control) 


and un 

Sudan 
grass and no resulted in few an 
tagonistic streptomycetes and in the highest infection index, 
whereas and buckwheat amendments 
mediate in respects. All amendments became less 
effective in controlling the after incor- 
poration. No correlation was found between disease severity 


bean were inter 


these 
time 


disease with 


ind the rhizospher soil ratios of hac teria. streptomyce tes, 
and fungi 
Susceptibuity of tarious plants to Prat enc hus penetrans 


as determined by behavior nematodes 


tion, and root growth 


of the lesion 
Race, S. R., anp M. T. Hutcuinson, 
Pratyvlenchus penetrans was observed infesting 340 seedlings 
of 14 plants grown in autoclaved muck soil contained in 
Petri dishes Time for the nematodes to locate the root. 
degree of activity, time for penetration and oviposition, and 


forma 


number of eggs deposited varied considerably. Based on 
these observations, tomato, lettuce, chrysanthemum. and 
broccoli were excellent hosts: peach, crown, vetch, red 


clover. and sweet corn were good hosts: str iwberry. carrot, 


turnip, and radish were fair hosts; and blueberry and as 


paragus were very poor hosts. Blueberry roots were mark 
edly unattractive; and asparagus roots were toxic to the 
few nematodes that entered. With the exception of straw 


berry, this laboratory evaluation correlates well with popula 
tions of P. penetrans found in roots of field-grown plants 
in New Jersey. 


only the mature 


Although the nematodes usually penetrated 
portions of roots, the tips of feeder roots of 


broccoli. turnip, radish, and strawbe rry were commonly 
entered. In most hosts, lesions of specific colors were pro 
duced immediately after penetration Rootlet growth of 
tomato, lettuce, red clover, carrot, and crown vetch was 


reduced to about 50% of normal within 2 weeks of inocula 
tion with 50-100 nematodes. Inoculation of 10 nematodes 


did not affect rootlet crowth ot tomato. 
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Greenhouse studies on sugar beet root rot caused by 
{ phanomyces cochlioides. SCHNEIDER, C. L. Ihe chronic 
phase of sugar beet root rot was experimentally induced in 
the greenhouse with pure single spore cultures of 4 phano- 
myces cochlioides originally isolated from damped-off sugar 
beet seedlings. Plants were grown singly in 3-in. pots of 
steamed soil, and when they were 30 days old, a suspension 
of about 1 million zoospores in 50 ml of water was poured 
into each pot. Within 6 weeks the plants showed symptoms 
of the chronic phase of root rot similar to those observed 
in the field under natural exposure to A. cochlioides. 
Symptoms included severe wilting of the foliage, discolora- 
tion and rotting of side roots, decay of the terminal portion 
of the taproot, and general reduction in size of the taproot. 
Plants in uninfested control pots remained healthy. Three 
varieties of sugar beets, which differ in their degree of 
susceptibility to seedling blight caused by A. cochlioides, 
differed in susceptibility to the chronic phase of the dis- 
ease, in a similar degree. 
Host-parasite relationships of soybean and a root-knot 
nematode Meloidogyne hapla. Scuirxe, P. J., ann H. W. 
CRITTENDEN. Three varieties of soybeans (Laredo, Ander- 
son, and Adams) were exposed to Meloidogyne hapla for 
periods of 7, 14, 21, 28, 35, 42, 49, and 56 days. Galls first 
appeared on Adams at 7 days and on Laredo and Anderson 
at 14 days. Egg masses were first found on Anderson and 
Adams at 35 days and on Laredo at 42 days. Studies of 
icid-stained roots showed a large number of larvae 
Adams: a lesser number were present in the 
roots of Laredo and Anderson. In roots invaded by the 
larvae of M. hapla, the growth of the apical meristem often 
ceased and 2-10 lateral roots arose from the gall. Larvae 
were found in the apical meristem and in the region of 
elongation. The larvae were often located at the junction 
of lateral Measurements of galls showed that most 
of the hypertrophy occurred in the tissues of the stele. No 
differences were observed in the giant cells of each of the 
three varieties. Characteristics of the giant cells 
dense cytoplasm, thick cell walls, and enlarged nuclei, 


osc 
in the roots of 


roots, 


were; 


Studies on certain viruses infecting legumes in California. 
Scott, H. A., anp A. H. Goto. Four virus collections from 
field-infected legumes were tested on Perfection and Dwarf 


Telephone peas, Pinto bean, Persian melon, broadbean, 
Dutch white clover, and Turkish tobacco. They were found 
to consist of two strains of bean vellow mosai virus, veinal 
necrosis virus, and white clover mosaic virus, The last 


named virus infects snapdragon, spinach, mung bean, cow 
pea, and chickweed, but not cucumber. Its longevity in 
vitro exceeds 31 days. Attempts to transmit this virus with 
Vacrosiphum pisi and Myzus persicae and by dodder, Cus- 
ita campestris, were Apparently the white 
mosaic in this similar to Johnson's 
pea-mottle-pea-wilt complex but consists of only one com- 
ponent. By using the adjuvant technique of Freund, an 
intiserum was developed against each virus collected. Only 
strains of bean yellow mosaic were serologically 
related. Electron-microscope examinations of juice from 
broadbean infected with each virus showed flexuous rods. 
The modal lengths of the associated parti les were: bean 


not successful. 


lover collection is 


the two 


vellow mosaic, 730-750 mu: veinal necrosis, 650-670 my; 
and white clove r mosaic. 530-550 mua. 
The influence of copper and of glyodin on the amino 


acid and sugar content of Colletotrichum capsici. Swecet, 
M. R., anp D. F. Crossan. Spores of Colletotrichum cap- 
sict were germinated in the presence of a sub-lethal amount 
of copper phosphate (150 ppm), and of glyodin (6 ppm), 
produced a pronounced morphological 
and physiological effect on the developing mvcelia in 
shake cultures. Paper chromatography used to 
evaluate the qualitative and quantitative effect of the 2 
fungicides on the free and bound amino acids, and on the 
sugars, in treated and untreated 76-hour-old thalli. To help 
substantiate the chromatographic results, the mycelia were 
subjected to (a) total nitrogen determinations using a 


which. however. 


was 

















526 PHYTOPATHOLOGY Vol. 49 


micro-kjeldahl technique 1 Quantitative analysis of 
the total amino acids us ft i modihed photometri nin- 
hydrin method, and (c) a Warburg study of respiration. 
The data obtained indicate that copper caused a general 
reduction in the amounts of the free amino acids present 
plus a loss of cystine ind reinine eglyodin reduced the 
amounts of the bound amino acids. Both chemicals reduced 
the amounts of the sugar rhamnose, xylose, mannose, and 
glucose, and cause s of a methylated sugar. War 
burg studies indicated a drastic curtailment of both ex- 
ogenous and endogenous respiratory mechani oad bat 


fungicide-treated my , 


Phytotoxicity o aptar SILBerR, GUSTAVE Growth of 
various plants in both nutrient and soil culture was in 
hibited by captan. Tomato, Red Kidney bean, corn, and 
peppermint plants in Hoagland’s nutrient solution supple- 
mented with 1, 3, and 10 py captan grew less than con 
trol plants receiving no captar Of these plants, tomato 
was the most sensitive to captan. Fresh and dry weights 
of tomato plants that received 3 ppm captan were sig- 
nificantly lower (odds of 19:1) than those of the controls. 
Ten ppm captan reduced the growth of the other plants 
significantly below that of their respective controls, In a 
methyl-bromide-fumigated supplemented with 0, 25, 


100, 200, and 400 ppm captan (dry-weight basis). tomato, 
Red Kidney bean, corn, imber, and cabbage plant 


growth was inhibited by captan Tomato growth was sig- 
nificantly reduced by 25 ppm captan, and cabbage growth 
by 100 ppm. In contrast, corn or bean growth was not 
significantly affected by less than 400 ppm captan, Slight 
marginal necrosis of cotyledons and leaves of tomato, cab- 
bage, and cucumber occurred on plants grown in soil con 
laining a suficiently high concentration of captan to cause 


stunting. 


V ein necrosts, I rus a f e of bean ZAI VEYER, W. J. 
A new strain of alfalfa mosaic virus that produces primary 
and systemic necrotic symptoms on beans unlike those pro 
duced by the several previously reported alfalfa mosai 
viruses was isolated from Pisum sativum grown in south 
ern Idaho. This virus differs from all other known strains 


of virus, including alfalfa yellow mosaic and alfalfa N 
viruses, the only two that consistently cause systemic necro- 
sis of beans. On Bountiful bean, primary necrotic lesions 
are not as discrete as those produced by other strains of the 
virus. Veinal necrosis follows, and large blotched chlorotic 
areas appear later. Trifoliate leaflets become puckered, but 
not mottled; and the veins become necrotic. Petioles and 
stems of severely infected plants are necrotic also, and the 
terminal growing point is often killed. On Pinto bean, 
the virus produces local necrotic lesions similar to those 
produced by the type strain. Veinal necrosis is evident 
near the primary lesions. The virus seldom becomes sys. 
temic in the Pinto variety. The host range of the vein ne. 
crosis virus is similar to that of the other strains of the 
alfalfa mosaic virus. Physical properties conform with 
those of the type strain. The virus was inactivated in 10 
minutes at 62-64°C, and in 32 hours at 18°, and withstood 
dilution of 1:4000. 


Studies on internal bark necrosis of Red Delicious ap. 
ples. Zeipers, K. E., anp H. C. Fink. Internal bark necro- 
sis developed on trees receiving 1) 50 ppm manganese, 
2) no boron, or 3) 2, 3, 5, and 50 ppm manganese and no 
boron, when grown in a modified Hoagland’s solution and 
sand medium. Addition of 250 ppm sodium chloride to the 
balanced solution did not induce the symptoms. High con- 
centrations of iron seemed to delay but not prevent expres- 
sion of symptoms induced by manganese toxicity or lack of 
boron. No macroscopic symptoms resulted from 50 ppm 
iron applied as “sequestrene (NaFe).” Iron toxicity 
resulted in rotted roots, terminal rosetting and stunting, 
Preliminary histological studies indicate necrosis or hyper- 
plasia of parenchymatous cells in all areas of the periderm, 
cortex, pericycle, or phloem may be the first evidence of 
either boron deficiency or manganese toxicity in Red 
Delicious apple trees. The results of the present investiga- 
tion corroborate previous reports that symptoms of internal 
bark necrosis are induced by 1) manganese toxicity and 2) 
boron deficiency. They do not confirm reports that excess 
iron causes the disease and they indicate that the disease 
reported on Jonathan as caused by high soil chlorides is 
distinct and different from internal bark necrosis on Red 
Delicious. 
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PHYTOPATHOLOGICAL NOTES 


Rhizoctonia solani inciting a collar rot of tea. K. 5. 
VENKATARAMANI AND C. S. Venkata Ram. Collar rot 
ef tea seedlings in the nursery is caused by factors 
that are either pathogenic (soil fungi) or physiogenic 
(heating of the soil surface and consequent damage to 
the tender bark).':* Collar rot is also known to oc- 
cur in young tea plants in the field, but the attacks are 
usually sporadic. Recently, however, an epiphytotic 
of this disease was reported from an estate in Southern 
India. involving a large number of vegetatively propa- 
gated tea plants in an area of about 30 acres. The 
plants were put out in the field when they were 11 


15 months old, and the disease was noticed 8 months 


later 
Different stages of yellowing of the foliage and 
withering of the plants were observed. The disease 


was not confined to any particular clone. Injury at the 
collar ranged from an initial discoloration and split- 
ting of the bark (Fig. 1-A) to advanced 
bark disintegration, wound development, and callus 
(Fig. 1-B). 


heavy 


stages of 


Finally, the entire stem was 
both 
above and below the injured part. The diseased plants 


formation 


girdled. and a callus growth developed 


occurred in groups. Field observations ruled out wind 


and insect damage as causal factors. Rhizoctonia 


solani Kuehn was consistently isolated from plants 


showing all stages of injury. R. solani has been re- 
ported to infect tea seedlings in the nursery, but the 
injury was not confined to the collar region. On the 
the fungus was observed to travel up the 
attack the 


The present report is the first instance of the 


other hand 


stem and succulent green shoots and 
leaves. 
fungus causing widespread damage to young tea plants 
in the field, attacking well developed stems. 

R. solani does not usually invade mature bark tis 
sue.' and field observations suggested that 2 predis 
posing factors were responsible for the fungus infec- 
tion: 1) Deep planting, well below the nursery level 
(Fig. 1-C), 
dered it susceptible to fungus entry; 2) 
injury to the bark at the 


Preliminary pathogenicity tests with R. solani 


resulted in softening of the bark and ren- 
injudi jous 
mulching caused ground 
level. 
isolated from the diseased tea plants indicated that the 
fungus was able to attack two-year-old tea plants in 
the nursery only when the collar was injured. 


The following recommendations are suggested for 


preventing the disease in new clearings: 1) The young 
plants should not be planted deeper than the nursery 
level: 2) when mulching is resorted to, some space 


is to be left uncovered around the collar of the plant 
If the mulching material consists of wood-chips. it 


Gadd ( H. 1949. The commoner diseases of tea 
Monographs on Tea Production in Ceylon, No. 2, Tea 
Research Inst. Ceylon, p. 62-67. 

Tunstall, A. C., and K. C, Sarmah 
diseases of Tea in North East India. Indian Tea 
Sci. Dept. Tocklai Exptl. Sta. Mem. 16. p. 54-58. 

Gadd, C. H. 1929. Report of the Mycologist. Te 
Research Inst. Ceylon Bull. 4. p. 9-12 


1947. Notes on stem 


A sso 





Fig. 1. A) Initial stages of Rhizoctonia solani collar 
rot of tea plants. B) Wound development and callus for- 
mation seen in advanced stages of infection. C) Complete 
girdling of the stem at the ground level in plants sel deep 
in the soil. 


should be 
collar tissue 
shola, S. India. 


handled carefully to avoid injury to the 


UPASI Tea Experiment Station, Devar- 


{n alcohol agar medium selective for determining 
Napa- 
\ rapid method 
microsclerotia-pro- 
Reinke & 


Serth.' in soil has long been needed. Soil dilution 


Verticillium microsclerotia in soil. 
KAVUKAREN AND CHESTER F 


Maruew J. 
HORNER. 
for quantitative determination of 


ducing strains of Verticillium albo-atrum 
plates with ordinary agar media are not suitable, be- 
cause rapidly growing fungi soon mask the presence 
of Verticillium. 


markedly 


colonies that can be counted on dilution plates, even 


Also, rapidly growing and antagonistic 


fungi reduce the number of Verticillium 
when oxgall is used to reduce radial growth of fungi 
and antibiotics are used to minimize the growth of 
bacteria and streptomycetes 


by Wilhelm? for 


inoculum potential of Verticillium in soil requires the 


The technique described 
quantitative determination of the 
use of test plants and a long incubation period. The 
method described by Maloy 
for estimating populations of plant- 


“most probable number” 
and Alexander * 


pathogenic organisms in soil also requires test plants. 


Verticillium albo-atrum is used in this paper as en 
visioned by Rudolph, B. A 1931 
sis. Hilgardia 5: 197-35 

Wilhelm, S. 1950. Vertical distribution of Verticillium 
albo-atrum in soil. Phytopathology 40: 368-376 

Maloy, O. C.. and M. Alexander. 1958. The 
probable number” method for 
plant pathogenic organisms in the soil 
126-218 


Verticillium hadromyco- 


> 
J 


“most 
estimating populations of 


Phytopathology 48: 
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ter agar, and ©) alecol igar (Q.5 it 1:10° dilution 
for determinin Lert iy soil dilutior All plates 


The alcohol ival rie 


selective for determinit 


described here has proved 


Verte illium on soil dilut on 


plates. 

On alcohol agar, Fe ium colonies produce 
microsclerotia. turn black. and can be counted easily 
against a white background. Most other fungi in ou 
soil samples were colorless and grew sparsely Ver 


ticillium colonies can distinguished macros« Crprde ally 


from other fungi that produce black mycelia 

The suecessful technique used in our laboratory is 
as follows. Water aga » g agar/liter) containing 
100 ppm streptomycin is prepared and 90-ml portions 
are dispensed into 200 Krlenmeyer flasks. Afte1 


being autoclaved the flask ire allowed to cool to 45 


50°C. and then maintained at 42—44°C in a constant- 
temperature bath. Just before the diluted soil samples 
are mixed with the agar. 0.5 ml absolute ethyl alcohol 
is added to each flask. After the diluted soil samples 
are added. the contents of ¢ h flask are dispensed into 
5 or more Petri dishes | incubated 10 days at 18 
23°C in the dark 

In a comparative t t ilecohol-agar medium was 
superior to potato-dextrose ir and water agar in the 
accuracy and ease with which colonies of Verticillium 
could be detected and ted Fig. | \ single soil 
sample was used media contained 100 ppm 


streptomycin On potat ley se agar plates rapidly 


were poured from the same sample and photographed after 
10 days of incubation. Dark colonies on alcohol agar are 


i eS Ee 
erticuitum, 


growing fungi masked the presence of many Verticil- 
lium colonies within 3-5 days. On water agar, Ver- 
ticillium colonies formed microsclerotia sparingly, 
making determination dificult without microscopic ex- 
amination. On alcohol agar, Verticillium colonies 
formed abundant microsclerotia in 7-10 days, and 
colonies stood out sharply in contrast to other fungi 
when viewed against a white background. 

(An additional advantage of the aleohol medium is 
that plates may be held several weeks at room tem- 
perature without the accuracy of the determinations 
being harmed. The chief limitation of the method for 
field use is that low population of Verticillium in a 
soil sample containing high populations of other fungi 
cannot be detected unless more medium is used to 
distribute the fungi in a larger number of dilution 
plates. However, even if 50 plates were required, the 
method would still be more efficient than the use of 
indicator plants. 

Aleohol-agar medium has been used successfully, 
with reproducible results, to determine populations 
of Verticillium microsclerotia in several hundred 
samples of artificially infested soil. Experiments are 
being conducted to test the usefulness of this method 
for quantitative determination of Verticillium micro- 
sclerotia in naturally infested soil—Department of 
Botany and Plant Pathology, Oregon State College, 


( orvallis. Oregon. 
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ALFALFA MOSAIC VIRUS ACTIVITY 
Karl D. Fezer and A. F. Ross! 


ASSAY OF 


In studies of alfalfa mosaic virus (Marmor medica- 
ginis Holmes) thet were initiated before the recent 
report of Panzer,” reproducible estimates of biological 
activity ol the virus were difficult to obtain. Phaseolus 
vulgaris L. var. Early Golden Cluster, used success- 
fully as a local-lesion test plant by Price and Spencer® 
and by Ross.* was no longer available. Therefore, 11 
varieties of P. vulgaris were screened as test plants for 
the virus. In addition, 2 methods for obtaining extracts 
of the virus were compared. 

Plants of Turkish tobacco (Nicotiana tabacum L.) 
infected for 11-12 days® with AMV (alfalfa mosaic 
virus, American Type Culture No. 57) were used as 
the source of inoculum. Both inoculated leaves and 
leaves in the acute stage of systemic infection proved 
to be good sources of inoculum. Bean varieties were 
screened by rubbing the unifoliate leaves of several 
Carborundum-dusted plants of each variety with a 
cheesecloth pad saturated with inoculum diluted with 
0.01M potassium phosphate buffer at pH 7.0. Criteria 
used in evaluating varieties were lesion number, lesion 
size and distinctness, and uniformity of lesion size and 
number. Lesion size was found to depend to a marked 
extent on the age of the leaf at the time of inoculation: 
inoculation before leaves were fully expanded resulted 
in larger lesions than inoculation after full expansion. 

In 2 separate tests, Bountiful and Tendergreen 
proved to be most useful as local-lesion test plants for 
AMV. Red Kidney and Yellow Eye were also satis- 
factory. Golden Cluster Wax, Top Crop, Contender, 
Michelite. Scotia. Pinto, Black Turtle Soup, and 
Scarlet Runner (P. coccineus L.) were all inferior to 
the above as test plants. Tendergreen has not previ- 
ously been reported as a suitable test plant for AMV; 


however, the other 3 varieties herein reported as satis- 
factory were used successfully by Panzer- in assaying 
AMV. 

All test plant varieties were also inoculated with the 
potato calico strain of AMV (M. medicaginis Holmes 
var. solani Black & Price). 
before. but lesions were generally smaller than those 


due to ATC 57. 
with the potato calico strain showed symptoms on in- 


The varieties ranked as 
The tobacco source plants inoculated 


oculated leaves only: an extract from leaves immedi- 
ately above the inoculated ones had very low virus ac 


tivity. 


Currently Instructor, Department of Plant Pathology 
and Botany, University of Minnesota, St. Paul 1, Minne 
sota; and Professor, Department of Plant Pathology, 
Cornell University, Ithaca, New York 

Panzer, J. D. 1958. The effect of pre-inoculation tem 
perature on test plant susceptibility to alfalfa and tobacco 
mosaic viruses. Phytopathology 48: 550-552. 

Price, W. C., and E. L. Spencer. 1943. Accuracy of the 
local lesion method for measuring virus activity. II. Toba 
alfalfa-mosaic, and tobacco-ringspot viruses. 
Am. J. Botany 30: 340-346. 

‘Ross, A. F. 1941. Purification and properties of alfalfa 
mosaic virus protein, Phytopathology 31: 394-410 

Ross, A. F. 1941. The concentration of alfalfa-mosaic 
virus in tobacco plants at different periods of time after 
Phytopathology 31: 410-420 


co-necrosis, 


inoculation 
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Ross® found that extracts prepared by adding a 
phosphate buffer to the leaf pulp immediately after 
grinding had an AMV activity more than twice that of 
extracts prepared without added phosphate. In the 
work reported here, adding a buffer solution immedi- 
ately after grinding was compared with adding the 
buffer before grinding. 

In each of 3 experiments, 2 comparable lots of tissue 
from systemically infected tobacco leaves were ob- 
tained (14-15 days after inoculation of the source 
plants) by pairing leaf discs according to symptom 
severity. Enough 0.01M potassium phosphate buffer 
(pH 7.0) was added to give extracts diluted 1:8.5 in 
a preliminary test and 1:10 in the other 2 tests: the 
buffer was added to one sample of each pair before 
the tissue was ground in a mortar, whereas it was 
added to the other after grinding. For assay, the ex- 
tracts were diluted still further with 0.01M phosphate 
buffer, In the preliminary test, single dilutions were 
compared on opposite half-leaves of Bountiful beans. 
In the other 2 tests, assays were made by a modifica- 
tion of the 2-dilution method of Spencer and Price® 
as used by Rochow and Ross.? The log interval be- 
tween the 2 dilutions of each extract was 0.5, and that 
between extracts was 0.5 or 1.0. Inocula were applied 
to half-leaves in such a manner that each of the 6 pos- 
sible pairs of the 4 inocula was compared on opposite 
half-leaves an equal number of times, and each in- 
oculum was applied to the right half as often as it was 
applied to the left half. 

In the preliminary test, a 1:425 dilution of the ex- 
tract prepared by adding buffer before grinding (Ex- 
tract 1) induced over half as many lesions as did a 
1:42.5 dilution of the extract prepared by adding 
buffer after grinding (Extract 2). Lesions were so 
numerous, however, that accurate counts were not pos- 
sible. In the second test, each inoculum was applied 
to 24 half-leaves of Tendergreen and 24 half-leaves 
of Bountiful. The number of lesions induced by the 
2 dilutions of Extract 1. which were 1:3160 and 1:10,- 
000, were 76 and 10, respectively; those induced by 
the 2 dilutions of Extract 2, which were 1:316 and 
1:1000, were 242 and 66, respectively. In the third 
test, each inoculum was applied to 24 half-leaves of 
Extract 1, diluted 1:3160 and 1:10,000, 


f 


Bountiful. 


induced 87 and % lesions per half-leaf, respectively; 


1:1000 and 1:3160 dilutions of Extract 2 induced 52 
and 4 lesions, respectively Calculatiens by Sher- 
wood's® formula showed that Extract 2 contained 


slightly over 14 as much active AMV as did Extract 


1(29°) in the second test and 26% in the third). 


These results suggest that °5 to of the potential 


alfalfa mosaic virus activity may be lost by the time 


* Spencer, E. L., and W. C. Price. 1943. Accuracy of the 
local-lesion method for measuring virus activity. I. Tobacco- 
mosaic virus. Am. J. Botany 30: 280-290. 

Rochow, W. F., and A. F. Ross. 1955. Virus multiplica- 
tion in plants doubly infected by potato viruses X and Y. 
Virology 1: 10-27. 

* Sherwood, Marion B. 1947. Simple formulas for caleu- 
lating percentage potency in three- and four-dose assay pro- 
cedures. Science 106: 152-153. 

















530 PHYTOPATHOLOGY Vol. 49 


buffer can be added immediately after grinding. 
Source-plant leaf tissue should therefore be bathed in 
buffer solution while it is being ground.-Department 
of Plant Pathology. Cornell University, Ithaca, New 


York. 


LARGE-SCALE SOIL FUMIGATION AGAINST 
BROOMRAPE 


Stephen Wilhelm, R. C. Storkan, James E. Sagen, and 


T. Carpenter 


Methyl bromide applied to the soil is known to con- 
trol branched broomrape, Orobanche ramosa L.,'. 
and results of the tests here reported indicate that it 
also is effective in relatively large-scale field control of 
Cooper's broomrape. 0 ludoviciana var. coopert 
(Gray) G. Beck, a parasite of tomato in the Coachella 
Valley of California 

In July 1957, six areas, each 100 sq. feet, in a field 
heavily infested with seed and dried remains of 
Cooper's broomrape were moistened, covered with 
polyethylene sheeting, and fumigated in pairs at rates 
of 0.5. 1.0, and 1.5 pounds of methyl bromide. Ex- 
posure was for about 20 hours. Equal quantities of 
soil from each plot and from unfumigated check plots 
that had been moistened and covered were transferred 
to 8-in. pots and planted to tomatoes in greenhouses at 
Berkeley and Davis, California No broomrape ap- 
peared on tomato plants growing in fumigated soils, 
but in unfumigate] soils broomrape was present after 
t months on 12 of 24 tomato plants. and after 9 
months on 45 of 61 

Three hundred and thirty acres in 1957 and 512 
acres in 1958 of tomato seed-bed land were fumigated. 
Not only broomrape. but local weeds, such as desert 
annuals and Bermuda grass. and root-knot nematodes 
were also controlled. None of these pests were found 
in the fumigated acreages, except for heavy infestation 
of root-knot nematode in a strip about 18 in. wide 
and a few hundred feet long. This strip was undoubt- 
edly missed by a chisel during injection of the fumi- 
gant or not covered by a tarpaulin. Not a single shoot 
of broomrape was found in the fumigated land. In 
1958, following exceptional heavy spring rains, broom- 
rape was abundant on native hosts. especially on 
Franseria dumosa Gray 

Following is a brief description of the method used 
in fumigating and covering the soil in these large-scale 
tests. Weedfume® was applied at the rate of 260 lb. 

\. (180 Ib. of actual methyl bromide) 8 in. deep 
through 10 chisels spaced 12 in. apart on the tractor 
draw bar. The tractor also pulled a spike tooth 


harrow. to smooth out the furrows made by the « hisels. 


Wilhelm, S.. I { Benson. and J. | Sagen. 1957. 


Methyl bromide gives promising control of broomrape. 


(Abstr.) Phytopathology 47: 537-538 

* Wilhelm, S.. L. C. Benson, and J. E. Sagen. 1958. 
Studies on the control of roomrape on tomatoes. Soil 
fumigation by methyl bromide is a promising control. 
Plant Disease Reptr. 42: 645-65] 

*Product of the Ne \. Maclean Company, Belmont, 


California. 


and a smooth, medium-heavy roller. Each chisel was 
adjusted to deliver about 2.1 ml Weedfume (1.05 ml 
actual methyl bromide) per linear foot of travel, 
Pressure for the system was supplied by compressed 
nitrogen gas. Before the fumigant was injected, one 
edge of the tarpaulin was buried in a 6-in.-deep, nearly 
straight-sided furrow made along one of the long sideg 
of the plot. Tarpaulins of polyethylene sheeting, 2 mil 
thick, 20 feet wide, and up to 1400 feet long. proved 
satisfactory. 

The tractor operator began to fumigate immediately 
next to the buried edge of the tarpaulin, directing one 
chisel shank to within 6 in. of the buried edge. As 
the tractor passed, men stationed along the plot be- 
gan to pull the tarpaulin over the soil. By the time 
the tractor made one pass and returned to the starting 
edge of the field, to fumigate a strip 20 ft. wide, the 
soil was covered with the tarpaulin. At this instant, a 
second tractor plowed a furrow the length of the plot 
parallel to the first furrow and at the line where fumi- 
gation stopped so that the edge of the tarpaulin, when 
taut, extended just to the bottom of the second furrow. 
In making this furrow, the soil was thrown out, away 
from the plot. It is of great importance that this sec- 
ond furrow be made parallel to the first. The imprint 
of the wheel of the tractor used for fumigation serves 
as a guide for this furrow. 

The tarpaulin is now pulled taut over the soil and 
held in place in the furrow by shovelfulls of soil placed 
at about 3-ft. intervals along the edge of the tarpaulin. 
Any rents in the covering are patched, and the furrow 
is closed with a plow. The short ends of the tarpaulin 
are buried by hand. 

The next day the fumigation process is repeated in 
an adjacent strip. and in covering the newly fumigated 
strip the tarpaulin is turned over. The edge of the 
tarpaulin buried before fumigation commenced the day 
before is removed from the soil. and the tarpaulin 
gathered into tucks along the edge left buried. As the 
newly fumigated area is covered, the tarpaulin is 
turned over. Using tarpaulins 20 feet wide and 1400 
feet long and 12-14 men to turn it, an area slightly 
greater than half an acre was fumigated in 15-20 
minutes. 

(As in soil fumigation with chloropicrin.’ the soil 
must be at a proper moisture for seed germination and 
well prepared as to tilth. In the fumigation of sandy 
soil, described above. the soil was leveled, manured, 
and sprinkled before fumigation. 

It is believed that fumigation followed by covering 
of the soil as described offers great promise for eradi- 
cating broomrape at minimum doses of fumigant and 
at low cost. The greatly improved stand of tomato 
n considerable savings of seed, their 


plants resulted 
improved and uniform growth made cultivation and 
harvesting easier, and the elimination of weeds to- 
gether with the control of root knot nematode com- 


‘Wilhelm, Stephen, and R. C. Storkan. 1958. Soil fumi- 
gation with chloropicrin. Western Fruit Grower 12: 11-13. 
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Fig. 1. Immediately after Weedfume injection, 
ethylene sheeting is pulled across the treated area. The 


edges are sealed by burying in deep furrows. 


pletely offset the cost of fumigation Department of 
Plant Pathology. University of California, Berkeley 4, 


California: Neil A/. Maclean Company. Belmont, Cali- 


fornia: and California State Department of Agricul- 
ture. Riverside, California. 

THE UPTAKE OF VITAL DYES BY THE 
MYCELIUM OF WHEAT STEM RUST IN SITI 


William Silverman- 


Chlorosis and or necrosis of host cells is associated 
with the different resistant reactions of various wheat 
varieties to certain races of the stem rust fungus (Puc- 
var. tritici Eriks. & E. Henn.). In 


the reaction characterized by the rust infection type 2 


cinia graminis Pers. 
the necrosis occurs in the form of a ring encircling 
a green island, in which the mycelium of the fungus 
sporulates The necrosis of the infection type 2 lesion 
is confined to the periphery of the mycelial area, un 
like the nee 


fection type ] lesions, 


rosis found in the infection type 0; or In 
where the necrosis is generalized 
over the whole mycelial area. Through the use of vital 
dyes, the infection type 2 formed by stem rust race 
388 on Marquis wheat was studied to seek an explana 
formation of 


tion of the a peripheral ring of necrosis 


as opposed to a generalized necrosis. 
During the early phases of rust development, before 
sporulation begins, Marquis wheat and race 38 of the 


stem rust fungus exist in congeniality. 


killed and 


combination 


apparent 


Studies on fixed material stained with 


Flemming’s triple modified by a fast 


green counter-stain revealed. however. that the rust 


mycelium in the host did not stain uniformly. that is. 

Paper No. 4046, Journal Series, Minnesota 
Agricultural Experiment Station. Grateful acknowledgment 
Helen Hart, for guidance and aid in the in 
vestigation and preparation of the manuscript, and to the 
Rust Laboratory, St. Paul, Minnesota. fo 


isolate of wheat stem rust used in these ex 


scientific 
is given to Dr 


Cooperative 
supplying the 
periments 
Formerl Assistant, 
of Plant Pathology and Botany. Institute of 
University of Minnesota, St. Paul 1, Minnesota 


Research and Teaching Department 


Agriculture, 


Stakman, E. C.. M. N. Levine, and W QO. Loegering 
1944. Identification of physiologic races of Puecinia 
graminis tritici. U. S. Dept. Agr. Bur. Entomol. Plant 
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the older portions of the mycelium stained with fast 
parts, e.g., the hyphal tips 

haustoria and haustorium 
Since orange- 


green but the 
and the recently 


younger 
formed 
mother cells, stained with orange-G.* 
G is a cytoplasmic stain, one may infer that the younger 
portions of the rust mycelium contained a more dense 
cytoplasm than the vacuolated older portion of the 
mycelium. The greater concentration of cytoplasm at 
the tips of the hyphae and in the most recently formed 
haustoria and haustorium mother cells suggested that 
metabolic activity, which is associated with dense 
cytoplasm, was probably greater in these regions than 
in the vacuolated hyphae found in the center of the 
The absorption of materials from the host 


would 


infection. 


and the secretion of substances by the rust 
presumably occur in those regions of the rust mycelium 
that are metabolically most active. By exposing the 
rust mycelium growing in the host to a solution of a 
vital dye, it was thought that the region of maximal 
metabolic activity would be revealed by a differential 
uptake of the dye by the rust hyphae. 

were selected: 


For this purpose, 2 vital dyes 


1: 1000 
aqueous solution made slightly 


methylene blue (a aqueous solution) and 
neutral red (a 0.5‘ 


alkaline 


covering developing uredia was stripped off, and a 


with potassium hydroxide). The epidermis 
drop of the dye solution was placed over the par- 


enchyma in which the rust mycelium was growing 


The dye solution was allowed to remain in contact 
for a few seconds, and then was removed by washing 
with water. The treated leaves were examined micro- 
scopically by transmitted and/or reflected light. 

The results obtained with the vital dyes confirmed 
the findings made with the modified Flemming com- 
marked differences exist 
between the younger and older 
Since the 


bination, i.e., that staining 
portions of the rust 
both 
were similar. the following de 
scription found that 


rapid absorption of the dye occurred at the hyphal 


mycelium. results for neutral red 
and methylene blue 
very 


applies to both. It was 


tips and at the haustoria and haustorium 
cells. Uptake of the dye was almost instan- 
taneous at these sites, 
indicated that 


older 


younger 
mother 
and the intensity of coloration 
quantities were absorbed. How- 


mycelium, that 


large 
ever, the portion of the rust 
portion which stained with fast green in the Flemming 
combination, took up the dye much more slowly, often 
requiring as much as 5 minutes before a slight dye 
color in the hyphae was noted; the intensity of color 
in the older mycelium never approached that found in 
the younger portions of the same mycelium. The lack 
of uptake of the dye by the mycelium in the center of 
the lesion could not be attributed to inability of the 
dye solution to penetrate the tightly packed mycelium, 
for it was observed that host cells in the same region 
readily absorbed the dye. 

The results indicate that the absorption of 
therefore, possibly of other water- 


water- 
soluble dyes, and, 


soluble substances, e.g.. metabolites, occurs most 


Silverman, William. A toxin extracted from Marquis 
wheat infected by race 38 of stem rust (Puccinia gramuinis 
var. tritici) Phytopathology 50: (in press) 
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rapidly and primarily in the hyphal tips and in the 


most recently produ ed haustoria and haustorium 


mother cells; the older mycelium is relatively inactive 
in the uptake of the dye and, possibly, other water- 
soluble substances. Also, the portion of the mycelium 
that is metabolically most active, whether in absorp- 
tion or secretion, is in the peripheral region of the 
lesion, that region in which the necrotic ring develops. 
If necrosis of host cells is associated with metabolic 
activity of the rust parasite, as seems very likely, then 
the restriction of the metabolic activity of the rust to 


the most recently formed hyphal tips, haustoria, and 


(Vol. 49 


haustorium mother cells would occasion the develop. 
ment of a peripheral necrotic ring, characteristic of 
infection type 2, instead of the generalized necrosis 
found in other resistant reactions. Since it has been 
determined* that no necrosis appears in the developing 
lesion until the rust mycelium begins to form spores, 
it appears that sporulation is the triggering mechanism 
that upsets the benign relationship existing between 
rust and host previous to sporulation and therefore 
initiates the processes culminating in the necrosis of 
host cells—Department of Plant Pathology and 
Botany. Institute of Agriculture, University of Minne. 
sota, St. Paul 1. 


BOOK LISTING 


1959, Plant nematology. Ministry 
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Published by Her Ma- 
Price 9s. 6d. 


Soutuey, J. F. ed 
of Agriculture. 
Tech. Bull. No. 7, 175 p. 
jesty’s Stationery Office. London. 

given in 


This publication is based on 21 lectures 


1956 as part of a special training course in nematology 


at the National Agricultural Advisory Service Regional 
Headquarters, Bristol, England. It contains six see- 
tions: The Nematoda, the principal genera of plant- 
parasitic nematodes, the importance of cyst-forming 
eelworms in agriculture. with 
Heterodera species, control, and laboratory culture and 


research problems 


nutrition studies. 





